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CHAPTER 1 
RATIONALE OB" THE WCRK 
1.1 Background to and choice of problem 
1.2 Approaches to solution of the problem 
posed 
1 
1,1 BACKGHODKD TO AND CHOICE OF PROBLEM 
A . Utility of naturally-occurring hydroxy fatty acids 
Natural fats Which contain oxygenated fatty acids 
carrying either an epoxy or a hydroxy group in the chain 
undergo a number of industrially-useful reactions. 
Recently discovered seed oils containing natural epoxy fatty 
1 
acids, such as Vernonia anthelmlntica seed oil which contains 
70 % of vernolic acid (cis 1 2 , 13-epoxy c^s 9-octadecenoic 
acid), are being investigated for their utility in the field. 
of plastics, foams, resins and surface coatings, Trivernolin, 
and the barium and cadmium salts of vernolic acid in various 
combinations, have been evaluated as heat and light stabilisers 2 
for plasticised polyvinyl chloride • 
Of the natural oils containing hydroxy fatty a c i d s , 
castor oil has long been the only one k n o w n . Using modern 
analytical tools, others are being rapidly uncovered, and 
a list of the various hydroxy acids present in natural f a t s , 
comprising the monohydroxy and polyhydroxy, saturated and 
unsaturated, is set out in tabular form in three tables in 
the next few pages. Of these newer acids, two deserve special 
mention for their likely industrial potential since they 
carry the hydroxy acid in a substantial quantity. Dimorpheco-
3 
lie acid , a C^^g acid with a single hydroxyl group adjacent 
to a 10-trans. 12-trans conjugated diene system, forms 65 % 
of the seed oil of Dimorphotheca aurantiaca« which is being 
examined for its utility as a drying oil"^. Lesquerolic acid 
comprises 46-76 % of the seed oil^'^ of Lesquerella 
laslocarpa. It is a 20-carbon acid w h i c h may be considered 
2 
as the higher homologue of ricinolelc acid with chain extension 
a t the carboxyl e n d . Utility of the oil is being sought in 
ways similar to those of castor oil, e . g . alkali fusion to 
dibasic a c i d s . 
The best-known hydroxy acid is of course ricinoleic or 
7 
12-.hydroxy cj.s-octadec-9~enoic acid , which comprises 90 % of 
castor o i l . T© its presence the latter owes its great 
industrial importance, The physical properties of castor oil 
f 
are distinctive and valuable. It has long been rated as a n 
excellent lubricating oil, combining high viscosity with a 
flat viscosity-temperature curve and low cold test for 
precipitating glycerides. For modern high-speed engines, a 
simple lower alkyl ester of ricinoleic a c i d , with a lower 
viscosity level, is preferred as a lubricant. 
Chemically, the relative positions of the hydroxyl group 
and double bond in ricinoleic acid are utilised in such reactions 
as alkali fusion or nitric acid oxidation to give sebacic acid 
and sec, octanol, pyrolysis to undecenoic acid and heptaldehyde, 
and dehydration to dehydrated castor o i l . In the field of 
surfactants, sulphated castor oil w a s one of the first non-soap 
products, and corresponding ester products are still in wide 
u s e . Castor oil as such, after hydroxylation, and after 
conversion to monoglycerides, has been used with pol^yols to 
8 
make urethane foams . A variety of nitrogen-containing 
plasticisers have been prepared from castor oil for use w i t h 
vinyl chloride-vinyl acetate copolymers and cellulose acetate 
resins^. 
In earlier studies in this laboratory designed to examine 
outlets for castor oil, the utility of fully-hydroxylated castor 
3 
o i l , and of the saturated compounds derived by complete 
hydroxylation of ricinoleic acid, undecenoic acid and their 
derivatives, was examined in alkyd formulations, a n d , after 
sulphation, as s u r f a c t a n t s ^ ^ T h e results showed that 
the adjacent hydroxyl groups in all these totally-hydroxylated 
products were usually not fully available for reaction. In 
alkyd formulation this limitation led to tacky products w i t h 
poor water-resistance containing residual hydroxyl, and in 
sulphatlon to incomplete reaction of adjacent hydroxyls, 
probably because of steric hindrance to the entry of bulky 
sulphate groups. 
The conclusion drawn was that dihydroxylation of the 
double bond had serious limitations for utilisation purposes. 
Hydroxylation of unsaturated ^lycerides so as to introduce 
single reactive hydroxyl groups, would appear more promising. 
At the same time it seemed desirable to retain some proportion 
of unsaturation in the glyceride. Products such as these 
would then contain both hydroxy and polyene functionalities 
which might w e l l be of greater potential utility than say 
castor o i l . Such end-products could be obtained i ^ natural 
oils containing high degrees of unsaturation, i . e . those 
containing large proportions of linoleic or linolenic acids, 
were to be used as starting materials for such monohydroxyla-
tion, since sufficient residual functional unsaturation would 
then still be left after the partial hydroxylation operation. 
The choice fell on safflower and linseed oils^^. The 
former is a typical linoleic-rich oil containing 70-80 % of 
this acid and the latter is the classic example of a 
linolenic-rich oil which carries 50-60 % of linolenic a c i d . 
h 
Both are established commercial products In India and Indeed 
In other parts of the w o r l d . Any methods successful with 
these oils would probably apply also to other oils of similar 
t y p e . 
The w o r k , therefore, resolved itself Into an examination 
of the feasibility of partially introducing single hydroxyl 
groups into safflower and linseed oils so as to retain a 
measure of residual unsaturation. The exact extent of 
hydroxylatlon and unsaturation desirable would naturally 
depend on the utility of the end products. This could only 
be based on actual testing and cannot be fully predicted. 
Accordingly to start with flexible methods of preparation 
permitting a diversity of products was aimed a t . 




1.2 APPROACHES TO SOLUTION OF THE PROBLEM POSED 
A n m b e r of possibilities were passed in review for the 
desired monohydrqxylation of unsaturated glycerides in which 
some unsaturation is spared. S^ie routes were rejected, 
others considered worthy of exploration, and yet others 
were given a lower priority. 
The re3ected routes w i l l here be considered i n somewhat 
I 
greater detail than the routes selected or those given a 
lower priority, since the latter form the subjects of later 
chapters of this thesis. 
^o^^QS rejected 
a) Epoxidation and hydrolysis : Peracids are commonly 
used for the introduction of an epoxy group at an unsaturated 
83 
linkage . Performic and peracetic acids are considered to 
be strong, and perbenzoic and perphthalic acids m i l d , epoxi-
dising agents. For special purposes even stronger peracids 84 
like perdinitrobenzoic acid are used for epoxidation . The 
peracids can be prepared jji sit^ using hydrogen peroxide and 
the required acid with a mineral acid present to act as 
catalyst. In cases where the organic acid is strong, e . g . 
formic acid, or where mineral acid is present as catalyst, 85 the product is usually a l:2-glycol . W i t h peracetic a c i d , 
and a minimum of sulphuric acid or of an acidic ion-exchange 
resin as catalyst, epoxidation is the predominating reaction. 
Mineral acid can also be removed in advance with sodium acetate. 
Another approach when epoxidation is the desired objective is 
to use a preformed reagent, e . g . a mixture of hydrogen 
86,12 
peroxide-acetic anhydride 
6 
Epoxidation procedures of a completely different nature 
have also been reported. One is the use of N-bromosuccini-
s*? 
mide in glacial acetic acid j this results in bromoacetoxy 
acids, and the formation of the epoxide ring is then accom-
plished with strong alcoholic potash, a method obviously 
inapplicable to glycerides. 
The hydrolysis of the epoxy to the hydroxy function can 
be accomplished with strong aqueous alkali solution, and 
the product obtained is a l?2-glycol. Again the use of 
strong alkali is unsuitable with esters or glycerides. 
Ring opening of epoxides can also be effected by acid 
88 catalysis according to the following mechanisms 
O H ^ V 
/ \ 
© 
H 
H a o ^ c ^ 
/ \ \ 
OH 
H 
OH 
H 2 O 
- H 
OH 
The product is again a vicinal glycol, but w i t h acid hydrolysis 
any ester or glyceride linkages will not be damaged. Such 
ring-opening of epoxidised glycerides with dilute acid has 
10,89,90 
been achieved by several workers 
The disadvantage for the present purpose of any 
procedure involving epoxidation followed by hydrolytic ring 
opening, even in such a way as not to damage the glyceride 
linkage, is that the products obtained are 1,2-glycols. A s 
w e have seen, these are considered unsuitable for further 
reaction. Thus this route was rejected as a means to mono-
hydroxylation of unsaturated glycerides. 
91 
b) Direct trap^js or cii^^s-hydroxylation : Gunstone has 
reviewed these methods. Hydroxylation of ethenoid linkages 
can be either t^rans or c i s . Direct hydroxylation with peraeids 
always yields the trans f o r m . Methods for trans~hvdroxvlation 
are indeed dominated by the two peracid processes described 
earlier, in which the hydroxylating agent is prepared i a situ 
from hydrogen peroxide and glacial acetic acid using either 
92 
strong sulphuric acid or an anion exchange resin as the 
93 94 QB 
catalyst . Oxide catalysts like those of tungsten 
have also been used with hydrogen peroxide in alkaline medium 
for trans^hvdroxvlation. 
Till fairly recently, cis-hydroxylation of the ethenoid 
linkages was customarily achieved in the laboratory using 
potassium permanganate in an alkaline m e d i u m ^ ® . Later certain 
97 
metal oxides, notably osmium tetraoxide , were found to effect 
ci£-hydroxylation of double bonds to d i o l s . Stereospecific 
fijji-hydroxylation can be conveniently achieved by the use of 
silver salts, either silver acetate or silver nitrate, and 
i o d i n e . 
8 
Apart from any other difficulties likely to arise by 
application of these procedures to fats, such as conducting 
the reaction in an alkaline medium, a fundamental limitation 
in this approach, as in the epoxide-hydrolysis route Just 
discussed, is that it leads to vicinally-hydroxylated d i o l s . 
Since the objective is monohydroxylation, these hydroxylation 
routes were reviewed and rejected for the present purpose. 
c ) Formoxvlation-hvdrolvsis : This route, unlike the two 
above which lead to dihydroxylation, could yield monohydroxy 
products. Formic acid adds to aliphatic double bonds in the 
presence of strong acids like perchloric and sulphuric, to give 
formoxy products which are easily hydrolysed w i t h alkali to 
98 
the corresponding hydroxy compounds . The addition proceeds 
by way of intermediate carbonium ion formation to give both 
99 
formoxy isomers . Curiously any unreacted olefinic material, 
if cis. is largely converted to the trans form^^^'^^^. Tri-
102 
glycerides such as soyabean and olive oils could not be 
formoxylated due to their low solubility in formic a c i d , but 
this was overcome by adding a small quantity of a neutral 
cosolvent such as butyl acetate. Concurrently, rather rapid 
hydrolysis of the glyceride occurred. 
The formoxylation-hydrolysis route to monohydroxylation 
w a s rejected for two reasons: firstly, extensive hydrolysis of 
glycerides under the strongly acidic reaction conditions, a n d , 
more important, the fact that conversion of formoxy to hydroxy 
groups involves refluxing y i t h strong alkali which could 
saponify glycerides, 
d ) OgonQly^js j Ozonisation offers a convenient handle 
w i t h which to effect alteration a t the double b o n d . For the 
9 
present purpose, it w a s necessary to consider the conversion 
of a fatty ozonide to a secondary alcohol, for which theoretical-
ly either two or four hydrogen atoms should be absorbed. 
Many methods are available for preparation of short-chain 
103 
alcohols from ozonides. Sodium-borohydride and lithium 
103 
aluminium hydride are used for chemical redactions, and 
104 
Raney nickel for catalytic hydrogenation . A l l these 
procedures however result in simultaneous cleavage of the 
oz6nide linkage. It seems highly improbable from the known 
structure of ozonides that reduction of ozonides to secondary 
alcohols without chain cleavage can be achieved. Thus this 
route was rejected for the present purpose. 
B . Routes selected for study 
a ) Sulphation'hydrolysis route : The reaction of sulphuric 
acid w i t h a double bond can yield a sulphate. By partial sulpha-
tlon of polyenoic systems w i t h sulphuric acid, any desired lOS 106 
proportion of double bonds can probably be retained ' , On 
107 108 
hydrolysis of this sulphated product with dilute acid * , 
a corresponding monohydroxy product also bearing unsaturation 
should be obtained. The main problem will be to achieve only 
sulphation without side reactions. Exploration of this route 
to xmsaturated monohydroxy glycerides is described in Chapter 2 
of this thesis, 
b) Epoxidatlon-hvdrogenation route : By epoxidation of 
polyenoic systems with peracids, any desired proportion of 
86 
double bonds can be epoxidised and the rest retained by 
limiting the quantity of peracid employed^^*^^^. Opening the 
epoxy ring by addition of two atoms of hydrogen w i l l then easily 
give rise to a monohydroxylated p r o d u c t , ^he problem w i l l be 
to retain the residual unsaturation during such h y d r o g e n a t i o n . 
This approach constitutes Chapter 3 of this t h e s i s . 
c ) Autoxldatiort-reduction route : By simple air-blowing 
under visible or ultraviolet irradiation, hydroperoxide groups 
112 
can be introduced into unsaturated glycerides . Ideally 
this autoxidation proceeds w i t h o u t a n y loss of un s a t u r a t i o n , 
but w i t h a double-bond shift, and concurrent cis to trans 
transformation. Reduction of these hydroperoxides to hydr o x y 
groups^^^'^^'^ w i l l then give the desired glycerides, practically 
unchanged in total imsaturation but carrying extra h y d r o x y 
g r o u p s . The m a i n problem w i l l be to achieve a reasonable degree 
of hydroperoxidation w i t h a minimum of side r e a c t i o n s , and a 
clean reduction of hydroperoxy to hydroxy g r o u p s . A n account 
of studies on these lines occupies Chapter 4 of this dissertation. 
d ) N-bromosuccinimide r o u t e : It is wel l - k n o w n that treat-
m e n t of a n ethenoid linkage w i t h N-bromosuccinimide resiilts 
in allylic bromination^^®*^^®: 
- O H ^ C H = CH > - CH - CH = C H -
Br 
This reaction has actually been u s e d for estimation of unsatura-
tion^^^, and is thus believed to be qu a n t i t a t i v e . Once the 
bromination reaction has taken place smoothly, the replacement 
of bromine w i t h hydroxyl h a s been achieved by treatment w i t h 
silver salts such a s the n i t r a t e ^ ^ ^ and a c e t a t e ^ ^ * ^ ^ ^ , or by 
refluxing with sodium b i c a r b o n a t e ^ ^ ® . Exploratory investigations 
on these lines are described in Chapter 5 of this t h e s i s . 
Qther routes briefly ftvaTninAd 
a ) Selenium dioxide oxidation i Oxidation of unsaturated 
11 
esters with selenium dioxide appears to lead to attack at car-
bons adjacent both to the carboxy group and to the double 
117 118 
bonds ' . Ketones are perhaps the final reaction products 
but hydroxy compounds could precede them. The route m a y on 
the literature evidence require considerable preliminary 
study before application to the present objective of clean 
monohydroxylation without side-products. 
b) Hydrohalide route: This approach involves addition of 
HBr at a double bond, and replacement of halide with hydroxyl: 
-CH = CH - ^^^ > -CH2 - CH - - CHg- CH -
Br OH 
Almost quantitative yields of the saturated bromo product can 
119 
be obtained when gaseous hydrogen bromide is used under 
catalytic illumination with an ultraviolet or mercury arc 
lamp, and partial addition should offer 4io difficulty. The 
replacement reaction has been frequently achieved by using 120 121 silver salts (acetate * , nitrate in wet and dry aceto-
122 123 124 
nitrile , benzoate"^ nitrite , etc). This step in the 
particular case of glycerides will, need study. The use of 
125 
sodium bicarbonate for the purpose, as mentioned under the 
N-bromosuccinimide approach, also has potential. 
c) Halohvdrln route: This involves addition of hypohalous 
126 
acid to ethenoid linkages in glycerides and replacement of 
the halidewith hydrogen: 
-CH = CH - .CH - CH ^ - CH2 - CH -
X OH OH 
Halogens in aliphatic compounds are replaceable by hydrogen 
127 12S 
using reagents such as zinc and hydrochloric acid 2inc 
and acetic acid^^^, and stannous chloride and hydrochloric 
12 
128 
acid . In several heterocyclic compounds, but not in alipha-
tics, halogen has been replaced by a hydrogen atom using 
130 
palladium precipitated on calciiim carbonate . The applica-
bility of these techniques to the special case of glycerides 
appears a priori to present no difficulty, but needs to be 
examined in practice. 
In the chapters that follow, four routes to monohydroxyla-
tion of unsaturated glycerides are described. A final chapter 
describes the exploratory w o r k on routes which were given a 
lower priority. 
13 
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THE SULPHilTION-HYDROLYSIS ROUTE 
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linseed oil 
2.5 Nature of non-sulphation reactions 
occurring with linoleate 
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2.1 B4CKGR0UHD 
A . Splphatlon of fatty materials 
About 130 years ago Fremy^ discussed the reaction of 
sulphuric acid on olive oil. In 1870 castor oil was first 
used as a base for the preparation of sulphated oil, and 
for the first time the textile industry was able to obtain 
in the dye bath a bright red colour which had not been 
possible with the soaps available upto that t i m e . 
Over the years there has been considerable confusion 
in the literature in regard to sulphonated and sulphated 
products. A sulphonated product is one in which th'e sulphur • 
is directly linked to carbon, while in sulphates this 
linkage is through oxygen. The former linkage is more 
resistant to hydrolysis. As we shall see, both products are 
formed during treatment of unsaturated oils with sulphuric 
a c i d , depending, among other things, on the nature of the oil 
and the acid strength. 
Fremy^ investigated the reaction of sulphuric acid on 
triolein and established that hydrolysis of the glycerides 
to the stage of di- and monoglycerides occurred simultaneously 
2 
w i t h alteration of the oleic acid . 
In the early 1930's, considerable work w a s done by 
3 
Hart in developing methods for fractionation of sulphated 
4 
oils. In 1939 Koppenhoefer and simultaneously Burton & 
5 
Robertshaw made the first major attempt to determine the 
chemical constituents of sulphated oils, as did Rueggeberg & 
6 
Sauls in 1956, Sulphuric acid has the structure: 
H 
HO S OH 
H 
0 
20 
and can ionise in two stages: 
i) H2SO4 V OSOgOH- + H"^ 
ii) OSO2OH > OSO2O- + H+ 
The reactions occurring during sulphuric acid treatment of 
vegetable oils have been listed® as follows: 
a ) Saponification of the glycerides with the formation of 
free fatty acids, and mono- and diglycerides. Sulphuric acid 
acts as a catalyst, and the degree of hydrolysis varies with 
the reaction conditions. Sulphation may occur before, during, 
or after hydrolysis. 
b) Esterification of hydroxyl groups when present, as in 
castor oil: 
-CH = CH - CH- + H2SO4 > -CH = C H - CH + HgO 
m OSO2OH 
In unsaturated hydroxyl compounds, the double bonds are 
virtually unattacked lantil the hydroxyl groups have been 
removed by sulphation, esterification or other m e a n s , 
c) Combination with double bonds yielding a sulphuric ester: 
- CH = CH - + H2SO4 > - CH - CH -
H OSO2OH 
These sulphuric esters are unstable and hydrolyse either 
during the sulphation reaction, on later washing, or even on 
long standing, into hydroxy fatty acids and sulphuric a c i d . 
Since the hydroxy fatty acids are very reactive under the 
condensing influence of sulphuric acid, many complicated 
esters or ethers may be produced. 
d ) Combination w i t h double bonds giving hydroxy sulphonic acids: 
- CH - CH - + H2SO4 > - CH - 9H -
OH SO3H 
Sulphonic acids are hydrolyzed only with difficulty by acid 
2! 
or alkali, so that the hydrolysing complications described 
for sulphuric esters will not arise, 
e ) Lactone and estolide formation; The hydroxy acid may lose 
a molecule of water giving a lactone or inner anhydride: 
R - CH - CH'H > R - CH - CHR „ . 
I I " ) \ + H 2 O 
OH COOH 0 - C O 
The same reaction between the hydroxy group of one molecule 
and the carboxyl of another w i l l yield an estolide: 
R - CH - R » + R » ' C O C E > R ^ C H . R ' 
OH O . C O . R " 
f ) Polymerisation reactions involving loss of water between 
the hydroxy, sulphate and sulphonate groups of two molecules 
in any combination : 
R - OH ^ 
R ' . O S O ^ H J 
R - OH 
+ 
R'.OSOsHj 
^ R.OSOsH"^ 
R . O . S O G . O . R ' 
^ R . O . S O G . R ' 
R,0.S02.S02.R' e t c . 
R ' . S O s H j ' 
g ) Condensation reactions involving formation of compounds by 
condensation and polymerisation which are incapable of further 
sulphation'^. 
g 
Woodbridge laid down the following conditions to reduce 
-side reactions during sulphation of unsaturated oils: 
a ) Low temperature: If the temperature is raised or allowed to 
rise to 3 0 - 4 0 ® C , side reactions take over completely and dimers 
are formed. 
b ) Concentration of sulphuric acid: Even dilute acid w i l l initiate 
the reaction, but it takes a relatively strong acid to stabilize 
9 9 
the desired sulphonlc acid so that it does not undergo side 
reactions, 
c ) A high ratio of acid to olefins; While sufficient acid to 
react with olefin must of course be present, it appears that 
a n excess is desirable to complex with the sulphonic acid 
once this has been f o r m e d . 
d ) An apparatus which gives a short contact time with rapid 
mixing: The olefin must be dispersed rapidly so that it can 
react with the acid and not polymerise with itself. Once 
reacted, it should be neutralised quickly as the reverse reac-
tion can take place, 
Products of sulphation of fatty acids 
It is to be expected that the products obtained by ideal 
sulphation and subsequent hydrolysis of oleic acid should consist 
9 
of about equal amounts of 9- and lO-hydroxy stearic acids • 
The former melts at 74-5°C and the latter at 8 1 - 2 ® C , However, 
during the sulphation of unsaturated fatty acids with sulphuric 
a c i d , hydroxyl groups have been detected a t positions consi-
derably removed from the double b o n d . Whether they are formed 
by direct hydroxylation at these remote positions, by sulpha-
tion followed by hydrolysis, by migration of double bonds 
under acid conditions or by migration of the hydroxyl group 
during hydrolysis, has not yet been established. Clutterbuck^^ 
isolated Y - s t e a r o l a c t o n e , i . e . a 1,4-lactone, fl-ora the 
sulphation reaction product of oleic acid and from i t , prepared 
the corresponding y - h y d r o x y s t e a r i c acid. In addition, 
other products, variously described as anhydrides, lactones, 
lactides and estolides, have been obtained^^. 
23 
128 
Lewkowitsch carried out sulphatlon of oleic acid a t 
5®C with sulphuric acid ranging in strength from 92 % to 
103 % (fuming), and found that the iodine number could not 
13 
be reduced to zero. Burton & Byrne , studying the effect 
of various proportions of reactants in this reaction, 
observed that sulphuric acid (98.8 % ) gave more lactones, 
lactides and estolides at 50®C than at 20°C. 
Mehta e i tried sulphation of oleic acid at 90®C 
with 3 molar proportions of mineral acid, graded in strength 
from 70.8 % (v/v) sulphuric acid to 12 % oleum. Maximum 
sulphation and hydrolysis were observed in a one-hour reaction 
with 85.5 % sulphuric acid, but a considerable amount of 
lactone and lactide formation was also believed to o c c u r . 
W i t h 80.4 % (v/v) sulphuric acid, only sulphation took place, 
without either hydrolysis of sulphate ester or formation of 
side products. Both 98.8 % sulphuric acid and 12 % oleum 
yielded sulphonates. Unsaturation in the products fell to 
a minimum, and then increased, as more concentrated sulphuric 
acid was employed, by the dehydrating effect of concentrated 
acid on the hydrolysed product. 16 
Under the influence of sulphuric a c i d , Steger & coworkers 
noted a shift of double bond in oleic acid from the 9;10 to 
17 
11:12 or 8:9 positions. This was confirmed by Watanabe both 
16 
for unsaturated fatty acids and their esters. Steger e i a i . 
sulphated oleic acid with conc.sulphuric acid at 15°C, hydro-
lysed the sulphated products and separated the hydroxy and 
non-hydroxy portions. The latter contained 8 : 9 , 9:10 and 
10:11 monoene acids, indicating that a shift of double bond 
occurs in presence of strong acid even without actual sulpha-
u 
tlon» It was noted that double-bonds can migrate under sulpha-
9 24 
tion conditions to increase the complexity of reaction ' 
The sulphation of linoleic acid has been less-fully 
18 
studied. Griin & Wolderberg were, unable to obtain any solid 
hydroxy acids from the product obtained by the action of 9 
sulphuric acid on linoleic a c i d . Roe e ^ al* sulphated lino-
leic acid with a 6si molar ratio of concentrated sulphuric 
a c i d . Without solvent, the product contained 60 % of polymers; 
with 4 parts of hexane as solvent, only about 20 % of polymers 
were formed. Hydrolysis of the product w i t h alkali reduced 
the ester number from 28.2 to zero. W h e n these acids were 
esterified and fractionally distilled, a 3 0 ^ residue was 
left and the fractions collected consisted of monohydroxy 
monoenes and about 20 % of dihydroxystearate. Hence on 
sulphation, both ester-type polymers (hydrolysable with alkali) 
and unsaponifiable polymers which are 'oxygen-lined and not 19 
of the double-bond type' are formed. Stirton reported 
that oils with a high content of dienoic or polyenoic acids 
are likely to polymerize or oxidize under sulphation conditions 
to give dark, gummy products. 
C . Products of sulphation of unsaturated vegetable oils 
There is a vast literature on the sulphation of unsatura-
ted glycerides, since the products are used as wetting agents 
for textiles and fat-liquoring agents for leather. Because 
of the complexity of the reactions involved, m o s t of the data 
is empirical and not quantitative. In the sulphation of olive 
oil at 20°C. use of 37.5 % (w/w, representing a slight excess 
over theoretical) of concentrated (98 % ) sulphuric acid gave 
P.5 
very high sulphate plus hydroxy content, with negligible sul-
phonation^^. Under the same conditions, use of 20 ^ of 
sulphuric a c i d , i.e. about two-thirds of the theoretical, gave 
a high sulphate content and little hydrolysis to hydroxy g r o u p s . 
Thus the excess acid has here mainly functioned as a hydrolys-
ing a g e n t . 
In castor oil or its fatty a c i d s , sulphuric acid may 
react either with the hydroxyl group or the double b o n d . 
21 
Burton & Robertshaw observed hydrolysis of the glyceride 
22 
during sulphation of castor o i l . Kroch & Tomkinson found 
reaction a t the double bond when 76 ^ of concentrated (88 
sulphuric acid on the weight of oil was used at 60°C. Other 
workers have found that sulphation at the double bond is 
independent of temperature, while the rate of sulphation of the 
hydroxyl group increases with temperature. 
W h e n fish oils were sulphated with 20 % of sulphuric acid 
(98.5 % ) , increasing the temperature from 2 0° to 40®C had little 
effect either on the extent of hydrolysis of the glycerides 
23 
or the formation of sulphuric ester and hydroxy fatty acids 
The product formed at 20°C was clear, and also contained an 
appreciable amount of sulphonate, while that formed a t 40°C 
was translucent and sulphonate-free, showing that a lower 
temperature appears conducive to sulphonate formation. Raising 
the quantity of sulphuric acid from 20 to 60 % increased the 
extent of hydrolysis of the glyceride, pointing again to the 
hydrolysing effect of excess a c i d . 
To summarise, treatment of oleic acid with a n 80 % 
strength (v/v) of sulphuric acid a t a high temperature gives 
maximum sulphation and subsequent hydrolysis. A t higher 
concentrations of sulphuric a c i d , sulphonates are the m a i n 
products. Sulphation of linoleic acid or its esters is likely 
to be much more complex than of oleate. 
On literature perusal, it appears possible that by treat-
m e n t of unsaturated glycerides, probably at an elevated tempera-
ture, with an insufficient amount of sulphuric acid of moderate 
strength, the reaction may be restricted mainly to the desired 
channels of sulphation and/or hydroxylation. It may even be 
possible to make hydroxylation the major reaction in one step. 
The m a i n obstacles would be side-reactions, glyceride hydro-
lysis and the uncertain behaviour of linoleic and linolenic 
glycerides. 
D . Analytical methods 
25 26 27 
In the first and older method ' * for analysis of 
acidic groups, the sulphated product for analysis is initially 
neutralised with sodium hydroxide. The total acidity due to 
all the acidic groups present is first determined by titrating 
with 0.1 N ale.potash in an equal mixture of ether and 96 ^ 
ethanol to phenolphthalein.end-point. Next the acid value due 
to carboxyl group (-COONa) is determined by acidifying the 
neutralised solution w i t h 25 m l . of 0.5 H HGl and titrating 
again with 0.5 N NaOH to thymol blue indicator. Sulphate 
(-OSCsNa) is separately estimated by decomposing 8 g of the 
neutral fat by vigorous boiling for one h r . under reflux with 
25 m l . of 0.5 I H 2 S O 4 . After codjling, 20 m l ether, 100 m l w a t e r , 
30 g NaCl and 5 m l 0.1 % bromophenol blue are added and the 
solution is titrated with 0.5 N NaOH with vigorous shaking 
until the aqueous phase turns red. The acid equivalent due 
to the -COONa is deducted from the total acid taken, and the 
38 
remainder thus obtained is subtracted from the total alkali 
titration to obtain the volume of alkali required to neutralize 
the sodium bisulphate formed during the hydrolysis of the 
sulphate group. The total sulphur is determined on a separate 
portion by the Proctor-Searle m e t h o d . In a modification of 
14 
the latter by Mehta & Rao the sulphated product is taken 
in a platinum dish, 60 ml of 0.1 N Na<H added per gram, and 
the whole evaporated to dryness and then heated to 500-650®C 
for 3 0 m i n s . in a muffle furnace. The ash is dissolved in 
distilled water to which 50 m l of 0,1 N H2SO4 are added, the 
solution boiled, cooled, and then titrated with 0,1 W KOH 
solution using bromophenol blue as indicator to give the 
total sulphur. The value obtained for the -0S03Na group is 
then deducted from the above total sulphur to give an 
estimate of the sulphonate present. 
The second method for acid group estimation is based on 
a series of potentiometric titrations in various non-aqueous 
media^®. The neutral sulphated fat is extracted with 90 % 
iso-propanol at neutral pH and the -COONa content estimated 
I 
by titration in glycollic medium with standard acid. The 
total organically-combined sulphate together with the soap 
are determined by titration in glacial acetic acid medium 
after double decomposition with mercuric acetate. Finally, 
the sulphate is individually^ determined by acid hydrolysis 
and differential titration of the NaHSO^ thus formed in 
glycol-acetone m e d i u m . The free fatty acids are separately 
determined by titration in glycollic or other medium with 
standard alkali. 
Both these methods are tedious especially where the m a i n 
objective, as in the present w o r k , is to determine the degree 
?.8 
of sulphation, of concurrent glyceride hydrolysis to free fatty 
acids and of side reactions generally. 
Aggroach 
Using the principles of analysis developed by these earlier 
workers, especially Burton & Byrne^®"^''', it was decided to 
first examine a simpler method for determination of various 
functional groups in sulphated products, involving the 
determination of sulphate groups by hydrolysis to the corres-
ponding neutral hydroxy products, coupled with determination 
of carboxylic and sulphate groups by the usual procedure. The 
method was standardised using artificial mixtures of known 
products which contained the desired functional groups. 
^ A study was next planned to examine the sulphation patterns 
of methyl oleate, linoleate and linolenate, with particular 
reference to the conditions for minimum development of 
sulphonates, free acids and side products. The results thus 
obtained would then hopefully lead to sulphation of safflovrer 
oil, and later of linseed oil, as a route to partial hydroxy-
lation of the unsaturated centres in these oils. 
2,2 ANALYSIS OF ACIDIC GROUPS 
A simpler procedtire employing only three alkali titra-
tions w a s examined for analysis of carboxyl, sulphate and 
25—27 
sulphonate groups. As in Burton & Byrne's procedure , 
the first titration using phenolphthalein as indicator w a s 
used to determine total acidity, a n d , after addition of a 
known volume of a c i d , a second titration, with thymol blue 
added as indicator was conducted to estimate carboxyl. The 
last step is different and is designed to avoid a tedious 
gravimetric analysis. In a separate sample, sulphate groups 
will be hydrolysed to hydroxyl by boiling with a c i d , and the 
remaining carboxyl plus sulphonate acidic groups estimated by 
titration to phenolphthalein. 
The procedure was tested using mixtures of suitable pure 
compoxinds prepared for the purpose. The compounds were chosen 
to resemble products likely to arise in actual sulphation of 
fatty oils: 
a) neutral glycerides, such as mixed palmitins 
b) fatty acids, e . g . oleic acid 
c) sulphates carrying primary and secondary sulphate groups d) sulphonates, e.g. stearyl sulphonate. 
The method proved successful, and was also applied to 
some specimens of sulphated vegetable oil products and later 
to the main objective of this study. 
A . Materials 
a ) Mixed palmitlns^^s Palmitic acid (99 g), glycerol (20,2 g) 
and NaOH (0.1 per cent) were heated together in a carbon dioxide 
atmosphere at 240°C wit h vigorous stirring. The fatty matter 
w a s worked u p with chloroform and then washed thoroughly w i t h 
30 
water to remove free glycerol. The product had : HV 6 9 . 8 , 
per cent monoglycerlde estimated using periodate 12.8. 
Resolution by thin-layer chromatography on silica gel G 
using hexane:ether (60s40 v/v) revealed a small quantity of 
free fatty acids clinging to the m o n o - , d i - , and triglycerides. 
b) Oleic acid ' ' 
U.S.P.-grade oleic acid (400 g, IV 81.0) was refluxed w i t h 
urea (400 g) in distilled methanol (1200 m l ) and the homogeneous 
solution left overnight as such. It was filtered and the 
precipitate discarded. Methanol w a s recovered from the 
filtrate, dilute hydrochloric acid added to the residue, and 
the fatty acids extracted using e t h e r . The material (260 g , 
IV 93.0) was again adducted by refluxing the fatty acids, urea 
and ethanol in the weight ratio of 1:6:5 for 2 hrs and leaving 
overnight. The precipitate was filtered, washed thoroughly 
with ethanol saturated w i t h urea and decomposed with dilute 
hydrochloric acid to get oleic acid (160 g; IV 91.0, Calc.90.0). 
The acid was converted into methyl ester by refluxing with 
methanol and conc.H2S04 and purified by fractional vacuum 
distillation: IV 86.2, Calc.85.8. 
c) Preparation of ricinoleyl disulphate 
i) Ricinoleyl alcohol: Following the general procedure of 
OO 
Hansley*^*^, the methyl esters of castor oil mixed fatty acids 
(60.6 g) dissolved in xylene (117.4 g) and tert,butyl alcohol 
(68.7 g) were rapidly added over a 10 m i n . period to sodium 
(23.6 g) dispersed in refluxing xylene (100 m l . ) . Gel forma-
tion during addition was avoided by using more xylene than 
u s u a l . Also a slightly greater excess of both sodium and 
reducing alcohol than the 5 per cent usually employed led to 
31 
a better yield of alcohol. Stirring w a s continued for another 
2 h r . at the same temperature. The contents were cooled and 
excess sodium destroyed by dropwise addition of alcohol. The 
mass was diluted with alcohol and then w i t h water, xylene 
distilled away, and the residue ^ust acidified with dilute 
sulphuric a c i d . The fatty material was extracted with ether 
and free fatty acids removed using dilute alkali to get the 
alcohol in 70 % y i e l d . The isolated 'ricinoleyl' alcohol had 
IV 91.0, Gale.88.0; H V 350.0, Calc.395.1. 
ii) Ricinoleyl disulphate: 10 g of ricinoleyl alcohol was 
reacted dropwise with 1.5 moles of chiorosulphonic acid in 
freezing m i x t u r e . After blowing away fumes of hydrogen chloride, 
excess chlorosulphonic acid was drawn off by the procedxire of 
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Griin & Woldenberg , in which the sulphated material is taken 
in a china dish and the latter placed in a desiccator containing 
cone.sulphuric acid in the lower trough and potash sticks all 
around, the latter being frequently replaced. The sulphate 
showed: A V 188.9, Calc.154.8. 
d) Preparation of stearvl sulohonate 
The various stages of preparation are now described. 
i) Olevl alcohol: This was first prepared according to the 
33 
procedure of Hansley from methyl oleate (30 g) as already 
described. The fatty alcohol obtained in 80-85 % yield w a s 
distilled at 1 8 0 ^ 3 . 5 m m . and showed: IV 94.0, Calc.94.7j 
28 
HV 203.3, Calc.209.7; nj 1.4678. 
ii) IVeparation of stearyl alcohol: Some of the oleyl alcohol 
thus prepared (10 g) was taken in ethanol (30 m l ) , 10 % Pd/C 
was added and the product hydrogenated for 8 h r . till the 
uptake of hydrogen ceased. The catalyst wajs filtered, and the 
product freed of solvent and crystallised from hexanes 
m.p.57*^C, llt.58°C. 
iii) Stearyl bromide^i: In a 250 m l round bottomed flask 
was placed hydrobromic acid (14 g, 48 and cone,sulphuric 
acid (3 m l ) . To the mixture was added stearyl alcohol <10 g), 
and the whole was refluxed for 5 to 6 h r , on an oil bath at 
200-220°C. The solution was diluted with water and the 
bromide layer was separated, washed with 10 ^ sodium carbonate 
solution and then d r i e d . The Isolated bromide was distilled 
under vacuum at 164-166°/0.7 m m . to give stearyl bromide:by 
Stepanov;»s method, ^ Br 23.6, Calc.24.0. 
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iv) Stearyl mercaptan : A mixture of stearyl bromide 
(10 g), thiourea (20 g) and 95 ^ ethanol (90 m l ) w a s refluxed 
on a steam bath for 4 h r . A solution of aqueous sodium 
hydroxide (6 g in 100 m l ) was added, and the mixture again 
refluxed for 3 h r . During this period, the mercaptan layer 
which separated was drawn off, and the aqueous layer acidified 
and extracted with e t h e r . The total extract w a s washed thrice 
with 200 m l portions of water, dried over sodium sulphate 
and isolated; ^ Br 0 . 0 9 , indicating good conversion of bromide 
into mercaptan, 
v) Lead stearyl sulphonates A solution of stearyl 
mercaptan (4.6 g) in 96 ^ ethanol (15 m l ) w a s added slowly 
with rapid stirring to a solution of lead acetate (3 g ) i n 
5 0 ^ ethanol (15 m l ) . A small amount of ether was added to 
get the mercaptan entirely in solution. The precipitated 
mercaptide was filtered w i t h suction and washed twice with 
water and once with acetone. The dried salt was poiffdered 
and added in small portions to 50 ^ nitric acid (200 m l ) in 
33 
a rotind-bottomed flask. The mixture was kept well mixed by-
shaking the flask after adding each portion of the salt. It 
was necessary to heat the reaction mixture slightly to enhance 
the reaction. A white salt settling at the bottom, and the 
evolution of brown fumes, indicates the progress of reaction. 
I 
The contents were allowed to stand for one h r . , and then 
diluted with cold water and filtered. The salt was washed 
twice with hot acetone until no further precipitate could be 
obtained upon chilling the filtrate in freezing solution. 
Treatment with hydrogen sulphide then gave the sulphonic acid 
which was isolated with ether: % Sulphur 8.9, Calc.9.5. 
B . Development of method 
a ) Estimation of carboxyl and sulphate groups: In the 
Burton & Byrne procedure, these two acidic groups are estimated 
by initial total titration to phenolphthalein, followed by 
addition of acid and back titration to thymol blue indicator. 
To examine the accuracy of the method, a known weight of 
oleic acid in Isl (v/v) mixture of ether-95 per cent ethanol 
was titrated with 0.1 N ale.potash to phenolphthalein. The 
experimental AV was 196.5, against 196.7 calculated for the 
product taken. The titrated solution was acidified with 
25 m l of 0.5 W HCl and back-titrated with 0.4320 N NaOH to 
thymol blue indicator (acidic range, red to blue). The 
A V of 195.5 obtained indicated satisfactory estimation of 
-COOH by back titration. 
In another trial, the presence of neutral palmitin 
glycerides was found to have no effect on the estimation of 
oleic acid by these procedures. 
Titration of a mixture of oleic acid and ricinoleyl 
sulphate (0.5369 g) in ether-95 per cent ethanol to phenol-
phthalein consumed 17.48 m l (Calc.17.36 m l ) of 0 . 1 I p o t a s h . 
Acidification as above w i t h H C l and back titration to thymol 
blue w i t h alkali gave a carboxyl A V of 194.8 (taken, 1 9 6 . 7 ) . 
Thus carboxylate could be estimated accurately i n presence of 
s u l p h a t e . 
b) Hydrolysis of sulphate g r o u p s ; To start w i t h , neutral 
palmitins (0.5 g) were heated w i t h 0.5 N H C l for 20 m i n . a t 
60*^0, The fatty m a t e r i a l w a s extracted w i t h e t h e r , w a s h e d free 
of mineral acid and i s o l a t e d . It showed no increase of A V , 
demonstrating that neutral palmitins resist h y d r o l y s i s on 
heating w i t h dilute H C l . 
Next a weighed sample (0.9150 g ) of a k n o w n a r t i f i c i a l 
mixture of oleic a c i d , ricinoleyl sulphate, stearyl sulphonate 
and neutral palmitins w a s hydrolysed by heating on a water bath 
at about 60°C for 15 to 2 0 m i n . with 0.5 K H C l , and the solu-
tion cooled with continuous stirring. The fatty m a t e r i a l w a s 
extracted with ether and washed free of m i n e r a l a c i d . The 
isolated fatty material was weighed and titrated a g a i n s t 
0 . 1 N ale.potash to phenolphthalein end p o i n t . The alkali 
consumed was 11.36 m l a g a i n s t 11.45 m l calculated for the 
w e i g h t s of oleic Plus stearyl sulphonic acid t a k e n . Thus the 
procedure for determination of sulphate group by hydrolysis 
appears to be satisfactory even in presence of carboxyl and 
s u l p h o n a t e . The method w a s n o w examined jji t o t o . 
c ) Analysis of artificial m i x t u r e s containing n e u t r a l 
compounds and various acidic groups; The procedure w i l l be 
described with reference to a n a c t u a l e x a m p l e , v i z . a mixture 
of oleic acid (0.3127 g ) , ricinoleyl sulphate (0.2859 g) 
and stearyl sulphonic acid (0.0634 g ) . 
f\ r-
i) A known weight of the mixture (0.6620 g) dissolved in 
ether-95 per cent ethanol (v/v, 20 ml) was titrated with 
0.1070 ,N,ethanolic potash to phenolphthalein end-point. The 
alkali c o n s m e d was 20.09 m l , corresponding to an AV of 182.2. 
ii) The above solution was acidified with 25 ml of 0.5 H 
HCl and back-titrated with 0.4320 W NaOH to thymol blue 
end-point (acidic range, red to yellow)". The alkali consumed 
was 2.32 m l , equivalent to an AV of 92.15. 
iii) Another sample of the mixture was hydrolysed with 
0.5 N HCl on a water bath at 60®C for 20 m i n . and cooled with 
continuous stirring. The hydrolysed material was isolated 
with ether, weighed (0.4760 g) and titrated with 0.1070 N 
ale,potash in Isl ether-95 per cent ethanol to phenolphthalein 
end-point. The alkali consumed was 11.95 m l . , equivalent to 
AV 
an^lOS.5• 
iv) Designating carboxylate as C , sulphate as S and 
sulphonate as S N , we have 
Acid value due to C , S and SN = 182.2 
" " " C alone = 92.15 
" " " C and SN = 108.5 
from which C = 92.15, S = 73.70 and SN = 16.3S. The weight of 
each product corresponding to these values can be calculated, 
or each worked out as a percentage of the total acid value as 
shown below: 
Weicht, (e) ^ bv weight As ^ AV 
Taken Found Taken Found Found 
c 0.3127 0.3101 48.1 50.6 50.6 
s 0.2859 0.2860 41.6 40.4 40.4 
SN 0.0634 0.0659 10.3 9.0 9.0 
Of course it is only where the nature of the products is known, 
a s in the present instance, that the weights of each product 
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corresponding to the acid values can be calculated. Where 
products of unknown structures are involved, each acidic mate-
rial can only be calculated as a percentage of the total, or 
simply expressed as acid v a l u e . 
v ) About one g each of three artificial mixtures containing 
various proportions of the three acidic and one neutral compo-
nent were each analysed in this w a y with the results shown in 
Table 2.1. The demonstration example constitutes Mixture A 
in this table, 
vi) One sample each of groundnut oil and safflower oil 
sulphated with 80 % (w/w) sulphuric acid and then hydrolysed 
with a concentrated solution of barium chloride and 0,5 N H C l 
(as described in a later section of this chaptfer) were also 
similarly analysed, w i t h the results shown in Table 2 , 2 . 
C , Conclusions 
There is close accord in Table 2.1 between the materials 
actually taken and those found by the present m e t h o d . The three 
artificial mixtures were designed to provide a range of 
occurrence of each component, and the analysis are satisfactory 
over this wide r a n g e . 
Analysis by this method of actual sulphated glycerides before 
and after acid hydrolysis (Table 2,2), show that it appears to 
be satisfactory. The sulphation procedure used has led to 
only traces of sulphonic acids in the present products, and 
acioUc 
sulphates and free carboxylic acids are the mainy^products. The 
value of the method for the present purpose w i l l be shown in 
the remaining sections of this chapter, where it was extensively 
used to follow the side reactions occurring during the sulpha-
tion of unsaturated esters and vegetable oils. 
<r; 
2.3 SULPHATIOK OF ESTERS AND GLYCERIDES 
The literature, as surveyed and reported in Section 
2 . 1 , indicates that for monohydroxylation of oleic a c i d , 
use of 80 % sulphuric acid at a fatty acid: mineral acid 
molar ratio of 1:3 appears to give good conversions at 
either 90°C or 10°C. Initial trials could therefore 
usef\illy be made with this acid strength. 
15 
Using vegetable oils, Mehta a i found that 
98.8 % (v/v) sulphuric acid or oleum, used at 90°C, led to 
sulphation reactions. No sulphation occurred in fish oils 
treated with cone.sulphuric acid at 40°C according to 
Burton & B y r n e b u t a t 20®C this was considerable. Hence 
the use of conc.sulphuric acid does not unequivocally lead 
to sulphation, and m a y be rather strongly temperature-
conditioned. These factors were kept in mind in initiating 
the work that follows. 
A . Sulphation of oleic acid 
The technique of sulphation was tried out on oleic acid 
9 
following exactly "the directions of Roe et To oleic acid 
(10 g , prepared as described in Section 2.2) taken in a 
3-necked flask and kept at 10°C, was added dropwise with 
vigorous stirring 80 % (v/v) sulphuric acid in 1:4 molar 
ratio of oil-to-acid. The reaction was continued for one 
h r . after completion of addition and the temperature maintained 
a t 10°C. The sulphated product was hydrolysed by heating on 
a water bath for one h r . with 0.5 N sulphuric a c i d . The 
fatty material was extracted with ether, washed free of 
mineral acid and the 9(10)-monohydroxystearic acid isolated 
in 80 $ y i e l d . The hydroxy acid after recrystallisation from 
light p e t r o l e m had m.p.78°C (IjjL?^ for 9-hydroxystearic 
a c i d , 74-5°C; for lO-hydroxystearic acid, 8 1 - 2 ® C ) . Thus the 
sulphation procedure for oleic acid offers no special tech-
nical difficulties. 
B . Sulphation of methvl oleate 
(i) Methvl oleate (IV 9 2 . 5 , 10 g) was taken in a three-necked 
flask and 80 % sulphuric acid (oil-to-acid 1:3 and 1:4) was 
added dropwise with vigorous stirring for one h r . at 20-26°G, 
The reaction product was hydrolysed by boiling on a water bath 
for 15 to 20 m i n . with 50 $ sulphuric a c i d . The fatty matter 
w a s isolated with ether and analysed: 
Sulphuric acid used estersacid " IV HV 
80 ^ 1 s 3 57.3 45.6 110.0 
80 ^ 1 : 4 42.9 53.8 113.6 
The acid values are very h i g h . W h e n the sulphate hydrolysis 
step was carried out with 25 $ sulphuric acid instead of 50 
the acid values were still very h i g h . 
(ii) Sulphation and hydrolysis in a single step were accordingly 
attempted. Methyl oleate taken in a 3-necked flask was heated 
on a water bath to 80®C, 80 % sulphuric acid added dropwise 
over 15 m i n . and the reaction continued for one h r . a t 80°C. 
The resulting product was immediately washed by stirring with 
250 m l of 15 % sodium sulphate solution and allowed to settle 
overnight. The product was freed of acid and isolated using 
ethers 
Sulphuric acid used ester:acid IV H V A V 
80 ^ 1 s 3 39.4 49.3 50.8 
80 ^ 1 : 4 32.8 77.9 61.4 
Again the acid, values are h i g h . 
(iii) Next sulphation w a s carried out on methyl oleate as 
before with 80 % sulphuric acid at 20-25°C in 1-.4 ratio, 
and the sulphate was hydrolysed by heating with about 
2 litres of water on a water bath a t 50-60°C for 20 m i n . 
An acid value of only 17.0 was obtained. 
Thus hydrolysis of the ester group in methyl oleate 
can be greatly minimised by hydrolysis with large volumes 
of hot water. 
C . Sulphation and hydrolysis of methjyl oleate, linoleate 
and l^no^eqftl^^ 
Each methyl ester in 10 g amounts was sulphated with 
three molar volumes of 80 % sulphuric acid a t 10°C, The 
sulphated product was diluted with water and heated on a 
water bath at 60°C for 20 m i n . with occasional stirring. The 
water layer w a s removed and the fatty matter extracted with 
ether and washed free of acid with 10 % sodium sulphate 
solution. The results are shown below: 
Material used Before reaction After sulphation and 
l^y^roAYgjp 
Methyl oleate 90.0 
Methyl linoleate 144.0 
Methyl linolenate 230.3 
i V HV A V 
59.0 37.8 17.2 
95.6 42.5 6.8 
83.6 34.8 13.4 
Thus low acid values can be obtained in all instances. The 
HVs appear to be low especially for linoleate and linolenate. 
D . Thin-layer chromatog3*aphy (TI/D) of products 
Hydroxylated methyl oleate, linoleate and linolenates 
were saponified with ale.potash to get the free a c i d s . These 
samples were spotted on silica gel G plates, developed with 
a solvent system of 3 0 % ether-50 % pet.ether (40-60°)-
40 
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2 % formic acid and charred w i t h chromic a c i d . In this 
TLG system, unsatiaration has no effect on movement, and only 
the position of the hydroxyl group matters. The 9(10)-mono-
hydroxy acids showed u p prominently as a twin spot in the 
acids recovered from oleate, linoleate and linolenate. In 
linoleate- and linolenate-derived products, two faint spots 
slightly above the ma^or spot were obtained; one corresponded 
to the iS-hydroxy compound (as checked against authentic 
12-hydroxystearic acid), while the other from its relative 
position could be the 13-hydroxy a c i d . 
One possibility for the predominance of the 9,10-product 
is that sulphation with sulphuric acid even of linoleate and 
linolenate occurs mainly at the 9,10 positions and is less 
a t the other imsaturated centres. Another possibility is 
that side reactions, e . g . lactonisation, consume acids with 
hydroxy groups at 12(13) or 16(16) positions. 
Sulphation of unsaturated vegetable oils was next 
examined. 
E . Sulphation of groundnut .and safflov/er oils with 80 % 
sulphuric acid and hydrolysis 
Groundnut oil and safflower oils (10 g each) were 
treated, as described earlier, with 80 % (v/v) sulphuric acid 
in various molar ratios at 10°C. The reaction product was 
diluted and hydrolysed by heating on a water bath at 5 0 - 6 0 ° C 
for 20 m i n . The fatty material was extracted with ether, 
washed free of acid with 10 to 16 % sodium sulphate solution, 
and isolated for analysis: 
011 Oil:acid Before reaction After sulphation and 
hydrolysis 
(molar) IV IV H V A V 
Groundnut 1 : 3 92.0 33.2 4 6 . 1 9.4 
Safflower 1 : 0.5 130.0 124.6 6.8 6.7 
n 1 : 1 H 114.9 13.8 8.8 
II 1 : 2 tl 90.8 22.2 12.4 
The materials are apparently all of low acid value. In 
groundnut oil, the HV is reasonably related to the drop in 
17. But in safflower oil, the drop of 40 units In IV in the 
last experiment has led to an increase of only 22 units in H V . 
One possibility is the formation of neutral lactones or 
estolides from split hydroxy acids, which would lower both the 
HV and A V . To avoid this, the formation of free acids,i.e. 
glyceride hydrolysis, should be suppressed. 
F . Sulphation of safflower oil 
(I) W i t h 90 ^ sulphuric acid: Sulphuric acid strengths of 
90 ^ (v/v) and 96.5 ^ (conc.) were used at 10®C at a safflower 
oil:acld molar ratio of 1:2 both in absence and presence of 
desiccated calcium sulphate ('Drierite') to suppress hydrolysis. 
The following were the results: 
Acid used Oil aacid Desiccating agent fVoduct after hydrolysis 
(v/v) (molar) IV H V AV 
90 ^ 1 : 2 Absent material gelled 
" " Present 43.5 50.1 52.8 
96.5 ^ . 1 : 2 Absent 48.2 46.2 39.2 
" Present 50.5 39.5 65.2 
The AVs are high and the H V increase is inconsistent with the 
drop of nearly 80 units in iodine value. The use of solvents 
was next examined, 
(II) W i t h conc,sulphuric acid In solution: Taking the safflower 
oil in 2 parts of either sodlum-drled diethyl ether or methyl 
ISO butyl ketone, sulphation with ls2 oilsacid ratio of 96.5^ 
(conc.) sulphuric acid w a s tried for periods of upto 4 h r . at 
temperatures of -lO^, 0°, 3 0° and 520C. The final solutions 
after reaction were all homogeneous. None of the products on 
isolation showed any acidity, indicating no sulphation. 
(iii) With 80 i sulphuric acid at 80°C; Safflower oil (20 g) 
w a s taken in a 3-necked flask and 80 % (v/v) sulphuric acid 
(ls3 molar) was added dropwise with vigorous stirring over 
one h r . at 80°C. It was hoped to effect sulphation and hydro-
lysis simultaneously at the high temperature without another 
hydrolysis step, and thus perhaps to avoid side reactions of 
the hydroxyl group, e . g . lactone formation. 
A reduction of 40 units of iodine value occurred, but 
only 21 units of hydroxyl value were created. A n acid value 
of 42 reflected considerable glyceride hydrolysis. 
(Iv) W i t h 80 % sulphuric acid at 0°C; Safflower oil (10 g) was 
treated as described earlier w i t h 80 % (v/v) sulphuric acid 
a t 0°C using an external freezing mixture b a t h . The sulphated 
e 
product was washed free of acid with 10 to 15 % sodium sulphate 
solution and dried under vacuum (IV 60.0, HV 2 2 . 2 ) . Estima-
tion by the analytical titration procedure standardised 
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previously showed the following: free fatty acids 5.8 
sulphated glycerides 33.3 sulphonated glycerides trace, 
and neutral glycerides (by difference) 60.9 
VJhile formation of sulphate at the double bond does not 
sedm to be accompanied by any sulphonate formation, considerable 
FFA release, perhaps^hydrolysis of the sulphate by water, and 
side reactions of some sort leading to a reduction of unsatura-
tion, are all occurring. Suspecting inner ether or lactone 
formation from dihydroxy products as one possibility, various 
/;3 
procedures for hydrolysis of the sulphate group were next 
examined. 
G . Hydrolysis of sulphate groups by various reagents 
(i) Hydrolysis with potassium iodides To 5 g of sulphated 
safflower oil, 3 g of potassium iodide in 25 m l of water 
was added slowly with occasional shaking, while heating 
on a water bath for 2 0 m i n . The product was extracted with 
ether, washed with thiosulphate solution to remove free 
iodine, dried and isolated: IV 58.9, HV 11.2, A V 5 4 . 2 , This 
reagent is obviously not satisfactory. 
(ii) Hydrolysis with barium chloride and barium hsrdroxidei 
To 5 g of sulphated safflower oil was added 3 g of barium 
chloride and 3 g of barium hydroxide in 25 m l of w a t e r , and 
the mixture was warmed on a water bath for 15 m i n . There 
was formation of some gummy material, probably barium soap, 
which was very difficult to wash o f f . 
(iii) Hydrolysis with acidified barium chloride; To 5 g 
of sulphated safflower oil taken in diethyl ether, 20 % 
barium chloride solution was added, followed by 7 m l of c o n c . 
hydrochloric acid. The mass was heated on a water bath for 
a few minutes. The precipitated BaS04 was separated. The 
fatty matter was washed free of mineral a c i d , isolated and 
dried: HV 79.3, IV 60.0, AV 5 0 . 3 . The acid value is still 
very high, but this is perhaps due to the heating of the 
product at a fairly high temperature with conc.hydrochloric 
acid in an effort to precipitate completely all the sulphate. 
A milder procedure was next tried, 
(iv) Hydrolysis with acidified barium chloride solutiona ? 0 g 
lots of safflower oil were sulphated with 80 % (w/w) sulphu-
57 
ric acid in two oiltacid ratios (ls2 and 1:3 molar) for one 
h r . at 0°C. The reaction products were taken in ether and 
washed free of a c i d . Acidified barium chloride solution 
(20 g BaCLg + 10 ml of conc.HCl in 100 m l of water) w a s added 
to each dropwise till all the sulphate had precipitated. 
E a c h product was washed free of mineral acid and isolated: 
acid used oil:acid Hydrolysed product 
(w/w) (molar) IV HV A V 
80 ^ 1:2 70.1 39.7 29.4 
80 ^ 1:3 60,0 33.8 38.4 
The above products on keeping for a week at room temperature 
were found to precipitate a curdy m a s s . Taken u p again in 
ether, they were found to be acidic. Accordingly the 
products were again washed free of mineral acid and isolated: 
Product tfashed product 
(original oil:acid ratio) IV HV AV 
1:2 70.9 64.8 19.4 
ls3 60.6 68.9 26.2 
Decrease in acid value has been accompanied by a n increase 
in hydroxyl value showing further slow hydrolysis of sulphate 
groups which had obviously n o t been fully hydrolysed by the 
acidic barium chloride treatment. 
v ) The effect of storage on the sulphated product was next 
examined. The dried sulphated product was stored at room 
temperature for 10 d a y s . It was found that the acid value of 
the final product was very high (AV 142,9), This is probably 
due to liberation of mineral acid (sulphuric) by hydrolysis 
of sulphate groups through the agency of m o i s t u r e , 
(vi) To increase the hydroxyl value and minimise the acid 
value, use of a calculated amount of barium chloride and acid 
to hydrolyse the sulphate groups formed was next examined. 
To 8 g Of sulphated product of A V 9 0 . 5 , 3.5 g of acidi-
fied barium chloride solution at pH 2 was added, and the whole 
just warmed on a water b a t h . The mass was taken u p in ether 
and some conc.hydrochloric acid added for protonation. The 
ether layer w a s decanted from the precipitated barium 
sulphate, washed free of acid and isolated: IV 69.3, HV 3 8 . 9 , 
AV 2 9 . 3 . 
Thus hydrolysis of sulphate groups with acidified barium 
chloride solution can be made fairly satisfactory; the sulphate 
ion is removed as insoluble BaS04 from the reacting solutions 
thereby avoiding some side reactions. 
H . Improving colour during sulphation 
The use of stannous chloride during sulphation is stated 
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to minimise charring 
Accordingly 5 g of safflower oil w a s sulphated in presence 
of 3.5 g of stannous chloride using 5 parts by weight of 80 % 
(w/w) sulphuric acid at 0°C for 2 h r . The product when worked 
up as usual showed: IV 111.7, HV 3 2 . 4 , total acid value 10.4, 
carboxyl acid value 9.9. The product characteristics are not 
affected by the use of stannous chloride and the product was 
very light in colour. 
I . Sulphation of safflower oil with graded strengths of 
sulphuric acid 
The above work again underlined that the relative degree 
of true sulphation (shown by HV development on hydrolysis) 
would depend to a large extent on the strength of the acid 
employed and that this could be really critical. The sulphu-
ric acid so far used w a s made up simply by mixing calculated 
proportions of acid and w a t e r . W h e n checked by alkali titra-
tion, it w a s found to be actually 84 $ (v/v), which is 86 % 
(w/w). This is a fairly high strength, and trials w i t h graded 
lower strengths of carefully-prepared, alkali-standardised 
acids at various temperatures, oil:acid ratios and periods 
of time were conducted. 
Safflower oil (10 g ) was taken in a 3-necked flask, and 
sulphuric acid of known percentage strength added to it drop 
by drop over 0,5 h r . while the desired temperature w a s main-
tained. The reaction w a s continued for 2 h r . at the same 
temperature with vigorous stirring. A small quantity of the 
sulphated product was drawn for analysis of acid groups, and 
the remaining portion was hydrolysed in the cold with barium 
chloride solution in presence of conc.hydrochloric a c i d . The 
hydrolysed product was washed free of mineral acid, dried and 
analysed for total acid value (TAV), carboxyl acid value (CAV), 
HV and IV. Results of the test samples are shown in Table 2 . 3 . 
Two useful indices in following the reaction a r e : 
(a) The ratio of H¥ |[!ain to IV loss, which comes to 2.*^ theo-
retically; and (b) the ratio of HV gain to SAV loss, which 
works out to 1«16 theoretically. 
The following conclusions may be drawn from the systema-
tic study of sulphation: 
i) Reaction at the higher temperature of 50°C leads 
in every case to very high carboxyl acid values, 
ii) Sulphuric 
acid of 8 2 % i\i/yit) strength, even at a 
low temperature of 0°C, gives a low hydroxyl value against high 
loss of mnsaturation, showing the occurrence of non-sulphation 
reactions. 
iii) The best sulphations occur with 78 and 79 % sulphuric 
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a c i d . W i t h 79 % acid, a temperature of 0°C during sulphation 
is essential, since at 25°C undesirable reactions are evident 
by the two criteria mentioned. W i t h 78 $ acid, the use of 
either a ls5 or U I O ratio of oilsacid, a t temperatures of 
either 0°C or 25°C, yields identical hydrolysed products w i t h 
a carboxylic A V of 8 - 9 , HV of £a.35 and residual IV of o a . 1 1 3 . 
iv) These resiilts are satisfactory except for the low 
degree of hydroxylation achieved. Increasing the quantity of 
acid w a s tried, but had no effect on the sulphation pattern. 
Longer sulphation times were also studied, but had no effect 
other than increasing the carboxyl acid value, i.e. the F F A . 
v) A point of interest is whether the limited sulphation 
of about 2 0 % of the oil occurs at the oleate or the linoleate 
radical of safflower oil. To examine this, the effect of 
78 $ sulphuric acid on methyl oleate and linoleate was examined. 
J . Sulphation of methyl oleate and linoleate 
To 10 g of the ester taken in 3-necked flask and cooled 
to 0°C, was added 78 % (w/w) sulphuric acid in 1:5 ratio drop 
by drop for 2 h r . with vigorous stirring. The sulphated product 
was hydrolysed as usual w i t h saturated barium chloride solution 
and conc.HCl and the hydrolysed material isolated and analysed. 
Table 2.4 shows the results, ffom ^ i c h the following conclu-
sions can .be drawn: 
1) In methyl oleate, fairly close adherence to the calcu-
lated ratio of 2.12 for HV gain/IV loss indicates a minimum 
of side reactions. 
ii) In methyl linoleate, the drop in the iodine value is 
considerably larger than the hydroxyl value developed, showing 
the occurrence of side reactions a t one or both steps. 
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iii) In an equal oleate-linoleate mixture, it is the 
oleate pattern which occurs, judged by the same ratio. This 
suggests that the monoene in a mixture is preferentially 
sulphated under the conditions u s e d . 
iv) Increase in the acid strength used for sulphation to 
86 % (w/w) only enhances the side products and a very large 
drop in iodine value occurs without any increase in the 
hydroxyl value. 
v) The sulphur content of the hydrolysed product result-
ing from the use of 86 % (w/w) acid was determined and found 
to be 1.2 ^ for methyl linoleate and nil for methyl oleate. 
Thus residual products containing sulphur are formed from 
linoleate when it is treated with acids of higher strength. 
To check this point, a sample of safflower oil sulphated 
with 80 % (w/w) H2SO4 in 1 j 6 ratio (oil-to-acid) at 0°C for 
2 h r . was hydrolysed with barium chloride and hydrochloric acid 
to give the expected product of IV 110.6, H V 3 2 . 9 , TA7 10.6 
and CAV 9 . 2 . This material was cold-saponified with alcoholic 
potash and the fatty acids isolated were subjected as described 
below to partition between light petroleum and 8 0 $ aqueous 
methanol, a technique which separately concentrates the 
39-41 
hydroxy and non-hydroxy portions 
The mixed fatty acids (20 g) of hydroxylated safflower 
oil were partitioned between petroleum ether (40-60°) and 80 
per cent aqueous methanol earlier equilibratid w i t h each other. 
The petroleum ether phase (600, 200, 200 m l ) was taken in 
three separating funnels and the fatty acids added to the 
first dissolved in 100 m l of methanol. After thorough shak-
ing and settling, the lower methanol layer was passed succes-
sively through the other two funnels. The first funnel w a s 
again extracted w i t h fresh methanol (100 m l ) , which was 
then passed through the series. The same was done with two 
more lots of methanol (100 m l each). Finally the four 
methanol extracts and the three petroleum solutions were 
each combined and the respective fatty acids isolated and 
analysed: 
P e t , ether-soluble Methanp;-,sp^ia.b3^e 
Yield % 73.0 27.0 
IV 140.2 32.5 
HV 5.9 172.5 
The low-HV product has a high IV, and is thus mostly lino-
leate-derived. The high-HV product has a very low I V , 
showing its origin from oleate. Thus in the oleate-linoleate 
equal mixture, sulphation has been directed mainly to the 
oleate, ieaving linoleate unaffected. This confirms the 
earlier deduction based on sulphation patterns. 
It would thus appear that simple sulphation of linoleic-
rich oils is plagued with side-reactions and cannot be 
achieved, Sulphation of oleic-rich could perhaps be more 
successful. 
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2.4 SULPHATION OF OLEIC.RICH OILS <Sc OF LINSEED OIL 
The oleic-rich oils chosen for hydroxylation via sulpha-
tion and hydrolysis were mustard, kusum (Schleichera tri.luga) 
and groundnut oils. Subsequently the sulphation of their 
fatty acids was also examined. The component acids were 
analysed by gas-liquid chromatography. 
A.. Suiphatlon of groundnut oil 
a ) Sulphation of groundnut oil (10 g , IV 92) w a s carried 
out with 78 % sulphuric acid (w/w) in 1:10 ratio (oil-to-acid) 
at room temperature for 2 h r . and 5 h r . The sulphated product 
was hydrolysed as usual with a concentrated solution of barium 
chloride containing hydrochloric a c i d . 
Sulphation for 
2 hr 5 hr 
I? 68.8 65.4 
HV 22,4 20.1 
TAV 15.8 18.4 
CAV 16.4 17.8 
The degree of sulphation is lower than desired, 
b ) Sulphation of groundnut oil w a s next carried out with 
79 fo H2SO4 (w/w) in ls3 ratio (oil-to-acid) at 0°C for 2 h r . 
Hydrolysis with barium chloride and hydrochloric acid yielded 
a product of IV 5 4 . 0 , H V 4 6 . 0 , TAV 15.4, C A V 1 4 . 8 . 
c) Finally sulphation of groundnut oil was carried out 
w i t h 85 % H2SO4 (w/w) in 1:5 ratio (oil-to-acid) at room 
temperature for 2 h r . followed by hydrolysis as usual: 
IV 35.0, HV 48.0, TAV 2 1 . 3 , CAV 19.5, % S 1 . 0 . The results 
are tabulated (with others) in Table 2 . 5 . 
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Sulphatlon of knsum oil 
a) Kusum oil (IV 58.0, HV Nil, AV 41.7) was sulphated 
with 79 % H2SO4 (w/w) In IslO ratio (oll-to-acld) at room 
temperature for 2 h r . and the sulphated product hydrolysed 
with barium chloride solution and hydrochloric acid: 
IV 24.8, HV 5 8 , A V 4 9 . 9 . 
b) The original oil Itself carries a very high acid value, 
probably due to the presence of free fatty acids, and perhaps 
benzoic and acetic acids which this oil is believed to 
4 2 
contain . Accordingly the oil was purified by washing four 
or five times with hot w a t e r . It was then taken u p in pet. 
ether and the solution washed repeatedly with very small 
portions of dilute alkali solutions, and then w i t h water 
till free of alkali. The resulting oil had no acid value. 
c) Sulphation of the above neutral oil (IV 6 8 . 0 , AV Hil) 
w i t h 79 $ H2SO4 (w/w) in a 1:10 oll-to-acld ratio at room 
temperature for 2 h r . followed by the usual hydrolysis with 
barium chloride and hydrochloric acid gave: IV 3 8 . 6 , HV 4 1 . 2 , 
A V 10.4. 
C . Sulphation of mustard oil 
a) Mustard oil (10 g , IV 1 0 3 , A V 1,2) was sulphated with 
79 % H2SO4 (w/w) in IslO ratio of oll-to-acld at 0°C for 2 
h r s . , followed by hydrolysis as usual: IV 97.0, H V 13,9, 
TAV 6.9, CAV 6 . 0 . Thus sulphation at O^C does not sulphate 
the double bond, probably because the oil solidifies at that 
temperature and contact between the oil and acid will not 
occur, 
b) Sulphation of mustard oil was next carried out with 
79 % H2SO4 (w/w) in 1:10 ratio (oil-to-acid) at room tempera-
5-2 
ture for 2 h r . and the sulphated product hydrolyse'd with 
barltim chloride and hydrochloric acids IV 61.4, H V 65.8, 
A V 12.8. The above hydroxylated product was cold saponified 
and the hydroxy acids crystallised from hexane: % yield 3 8 , 
m . p . 7 8 ® C . 
The results are shown in Table 2.6. The sulphation of 
these oleic-rich oils gives tise to very low yields of mono-
hydroxylated products. Such limited hydroxylation by sulpha-
tion may be due to restriction caused by the occurrence of 
the acids as glycerides. Sulphation of the fatty acids of 
the above oils was accordingly studied. 
D , Sulphation of the mixed-fatty acids of mustard, kusum 
and groundnut oils 
The mixed fatty acids were isolated following saponifica-
tion of groundnut, kusum and mustard oils. They were each 
sulphated with 79 $ H2SO4 (w/w) in a 1:10 ratio (oil-to-acid) 
a t room temperature for 2 h r . The sulphated products were 
hydrolysed with baritim chloride solution and hydrochloric 
a c i d , and the products analysed for IV and H V , The hydroxy-
lated products were next crystallised in the refrigerator from 
hexane, and the crystallised hydroxy acids examined for 
y i e l d , H V and melting points. The results are shown in 
{ 
Table 2 . 6 . 
E . Component fatty acids of above oils 
The mixed fatty acids of groundnut, mustard and k u s m 
oils were esterified w i t h diazomethane. Analysis by gas-
liquid chromatography was carried out-on an F & M model 720 
dual-column temperature-programmed gas chromatographic u n i t 
with thermal conductivity detectors. The stainless steel 
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coliimn was 8 f t . long and 3/16-lnch in diameter, and was 
packed with diethylene glycol succinate on Chromosorb W 
(40-60 m e s h , ls4 by weight). The separations were carried 
out isothermally at 205^0, Temperatures at the injection 
port and the detector block were 2 7 0° and 250°C respectively. 
Hydrogen flow rate was 60 m l / m i n . Attenuation was kept 
a t 8 and a sample of 2-3 pi was injected. Peak areas were 
measured by triangulation. The results are given in 
Table 2 . 7 . 
The sulphation of oleic-rich oils or acids gives rise 
to about 35 % yields of monohydroxylated products. The 
contents of monoene acids in these oils range from 50-75 % . 
Yet from pure oleic acid an 80 % yield of hydroxystearic 
acid was easily obtained (Section 2 . 3 , A ) . The presence 
of any more-unsaturated acids appears to retard the yields 
from 80 ^ to 60-70 
linseed oil with graded strengths of 
sulphuric acid 
The sulphation-hydrolysis pattern of an oil rich in 
linolenic acid w a s briefly examined. Linseed oil (10 g, 
IV 180) was taken in a 3-necked flask, and sulphuric acid of 
known percentage strength added to it drop by drop over 
0.6 h r . while the desired temperature was maintained. The 
reaction was continued for 2 h r . at the same temperature with 
vigorous stirring. The sulphated product was hydrolysed 
in the cold with acidified barium chloride solution. The 
product washed free of acid and dried over s o d i m sulphate. 
The results are shown in Table 2 , 8 . 
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Rather surprisingly a good degree of hydroxylation is 
achieved at 0 - 5° using 80 % sulphuric a c i d . The HV is? 7 7 , 
the ratio of HV gained to IV lost is 1.9 (which is very 
close to the theoretical of 2.12) and the A V is 10.6. 
Using higher strengths of acid does not improve the hydroxyl 
value, but indlkces undesirable side-reactions reflected in 
a lowering of the r a t i o . 
2,5 NATURE OF NOK-SULPHATION REACTIONS OCCUBRING WITH 
LIKOLEATE 
In the sulphatlon studies with linoleic-rich safflower 
oil, the increase in hydroxyl value corresponded to only 
half the loss of the iodine value in the best sulphatidns. 
Since hydrolysis of sulphate to hydroxyl is quantitative, 
the unsaturation not accounted for must have been trans-
formed to some neutral f o r m . One possibility could be 
formation of lactones or estolides as a result of inter-
action between the free carboxyl groups in hydrolysed fatty 
acids and hydroxyl groups formed by hydrolysis. In many 
of the sulphations, glyceride hydrolysis is small. Another 
possibility is that sulphur is in some w a y involved in 
ring formation. Since qualitative tests for sulphur were 
positive, the work w a s pursued. 
^^ture of sulphur-containing compound 
Sulphation and hydrolysis of safflower oil: Safflower 
oil <10 g, IV 126) was sulphated with 86 % sulphuric acid 
(w/w) at a 1:3 ratio at 0®C for one h r . , and hydrolysis 
effected with acidified barium chloride solution. The final 
product isolated h a d : IV 70.0, HV 5 6 . 2 , TAV 28.5, CAV 24.8, 
SN A V Trace. 
(b) Estimation of sulphur: In the above sample sulphur was 
estimated gravimetrickily as barium sulphate. A few grams 
of an ignition mixture, prepared by mixing 2 parts of 
magnesia and 1 part of s o d i m carbonate by w e i g h t , were 
placed at the bottom of a platinum crucible. A n accurately-
weighed sample of about 0.5 g was placed over the ignition 
mixture, and the sample was covered with a few more grams 
of the ignition m i x t u r e . The crucible was heated using 
a colourless flame for 6 hr., and the fused material then 
transferred to a 600 m l beaker with a total of 300 m l of 
w a t e r . 30 m l of bromine water was added and the mass heated 
at 80®C to oxidise the sulphites. The solution was made 
acidic with hydrochloric acid and boiled to drive off 
bromine. 100 m l of 2 ^ barium chloride solution was added, 
the solution boiled for 15 m i n . and cooled. Precipitated 
BaS04 was filtered and estimated gravimetrically: $ S 3 , 2 , 
The Sulphur content is high and corresponds to the presence 
of about 30 ^ of a product of molecular weight 300 contain-
ing one sulphur a t o m . 
This sulphur does not occur in the form of free sulpho-
nic acid or free sulphuric a c i d , but could be present in 
the form of sulphoxide, sultone or sulphone, all of which 
are neutral compounds. 
i) Sulphoxide groupfc The electronic structure of 
sulphoxide (and related sulphone, sulphonic a c i d , etc.) is 
still subject to debate since the question of resonance 
involving the d orbitals of sulphur is not settled beyond 
d o u b t . The d orbitals of sulphur may participate in bond 
formation either by accepting p electrons from the oxygen 
atom or from unsaturated carbon groups: 
X s X > X "s X 
I \1 
•P- P" 
s f ) ^ . 1 i 
— c — s — X > ; c — c = s — X 
ii) Sulphone group J These have extremely high ^stability 
and very low reactivity : 
R SO2 R ' 
H i ) guitone group s These are internal esters of hydroxy-
sulphonic acids which correspond to lactones and are generally 
five or six-membered rings, with or without olefinic bonds. 
OpS P 
n I 
CHp CHp R.CH C H R ' 
' \ or C 
HpC 
\ 
CH2 CH2 
CHg 
0 — - — — ^ SOg 
(b) Hydrolysis of the sulphur linkage : A n attempt was made 
to break the sulphur linkage in our product and determine 
its nature. 
The hydroxylated safflower oil from the last experiment 
(IV 70.0, HV 56.2, A V 28.5, ^ S 3.2) was refluxed"^^ w i t h 
aqueous 2N KOH for 2 h r . and the product isolated with ether. 
The aqueous layer was found to contain sulphur (precipitated 
as BaS04) equivalent to 3.1 ^ in the original fatty compound, 
thus accounting for almost all the sulphur. The fatty acids 
resulting from alkali refluxing showed H V 17.8, A V 169.4, 
^ S N i l . The ultraviolet spectrum showed strong diene 
conjugation at 232 
The very low hydroxyl value after alkali hydrolysis 
suggests that the original linkage is mainly between carbon 
and sulphur and not through oxygen. The strong diene conjuga-
tion a t 232 m|i is likely to arise from linoleic a c i d . It will 
be recalled that sulphation and hydrolysis to hydroxy products 
of oleic or even of oleic-rich oils proceeds under these 
conditions without extensive side reactions. Difficulties 
arise with linoleic acid or oils rich in this component. 
Formation of some sulphur-containing compounds not linked 
to the fatty chain through oxygen appears to o c c u r . 
The IR spectrum of the sulphated and hydrolysed 
safflower oil was taken (Fig.2.1), and also of a n aliphatic 
sulphonate (stearyl sulphonate, Fig.2.2), prepared as 
described in Section 2 . 2 . The hydrolysed product showed 
distinct new peaks at 1170 1360 and 920 c m " ^ , 
different from the sulphate peaks at 1236 cm"^ and 1064 cm"^, 
and the sulphonate peaks a t 1050 cra"^ and 1180 cm""^. 
B e l l a m y ^ attributes absorptions at 1155 and 1360 
to compounds of the type -C CR. A sultone is of 
this class: -C - S - 0 - C -
n ^ 
o 0 
The possibility of sultone formation was strengthed by 
the IR spectrum (Fig.2,3) of pure tridecan -1,2-sultone: 
CH3(CH2)IO.CH C H j ^ jjj.p. SS.S^C 
0 SO2 
This was kindly supplied to us by Henkel and C o . , W e s t Germany. 
The IR spectrum showed strong peaks at similar wavelengths 
(1340 cm-1 and 1180, 1155 cm-1 doublet) as that found in the 
present hydrolysed m a t e r i a l . 
Assuming that the .product is a sultone, it m u s t arise 
from addition of the elements of sulphuric acid to a n 
unsatiirated system, followed by dehydration: 
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It is possible to have sultones of various ring sizes. The 
1,2-sultones, of which the tridecaneproduct quoted above 
is a n example, are produced from a monoene under drastic 
conditions, v ^ z , by treatment w i t h SO3 v a p o u r . Of the other 
sultones, Mustafa'^^ has pointed out that the 1,4- ( o r Y - ) 
sultones are considerably more easily formed and stable than 
the 1,5- ( o r 6 - ) sultones. Formation of the 1,4-sultone in 
the present instance implies in turn that the pentadiene 
system of linoleate undergoes alteration to a 1,4-diene 
system, i . e . to a conjugated diene system. Such shifts in 
the presence of strong sulphuric acid as a result of carbonium 
9 16 17 24 
i o n formation are well documented * ' * , as mentioned in 
Section 2 . 1 . 
The sequence of operations postulated is therefore the 
formation from linoleate of a conjugated system in the 
presence of a c i d , followed by 1,4-addition of the elements of 
sulphuric acid; this is in turn followed by dehydration of 
the latter, probably instantly, to a sultone: 
H2SO4 
-CH = CH.CH2.CH = CH- ^ -CH = CH-CH = CH-CH2-
OH V -CH - CH = CH - CH - CEn 
7 1 I ^ SO3H 
OH . SO3H 
- H 2 O ^ -CH - CH = CH - C H - CH2-
0 S , 
Boiling w i t h potassium hydroxide (2W) breaks the sultone 
4 3 
ring and the conjugated diene system (232 m|i) is revealed, 
60 
Efforts were now directed to examining certain steps of 
this sequence. In the next experiment, information was sought 
regarding sultone formation from linoleate, and its behaviour 
on partitioning between epiphasic and hypophasic solvents, 
(c) Partitioning of the acids of sulphated-hydrolysed 
safflower mixed fatty acids a Safflower oil (10 g) was sulphated 
with 90 % H2SO4 (w/w) in 1:3 ratio oil-to^acid at 0^0 for 2 h r . 
k stronger acid was used in order to induce more non-sulphation 
reactions. The sulphated product w a s hydrolysed with acidified 
barium chloride. The hydroxylated oil was saponified in the 
cold with alcoholic potash. The resulting mixed acids were 
partitioned between light petroleum and 80 % methanol accord-
ing to the Gunstone procedure^^'^^ earlier described and the 
two resolved portions were analysed: 
Petroleum ether-soluble Methanol soluble 
% yield 68 % yield 32 
IV 81.5 ' IV 13.0 
HV 12.8 HV 103.7 
Both portions were esterified w i t h diazomethane. Their IR 
spectra showed distinct peaks at 1170 and 1360 cm-1 
in both fractions, indicating that it is difficult to separate 
the sulphur-containing portions by countercurrent distribution. 
If Induced conjugation precedes 1,4-addition of the 
elements of sulphuric acid, a conjugated acid should readily 
add these elements. Such conjugated dienes could be cis-.cub or 
trap^- or trans-, trans. Shift of one £ls-bond to a 
new position would tend to yield a cis-. traqs-con^ugated 
d l e n e . A s i a - , trans-diene w a s therefore first sought by 
hydrogenation of oC—elaeostearic acid with hydrazine hydrate: 
9 C , lit, 1 3 1 hydrazine ^ ^ ^ ^ ^ H i , 1 3 1 
hydrate 
c^^-elaeostearic acid con;Jtigated dienes 
The unreacted triene acid, and one of the two conjugated 
dienes formed, both carry 1 , 1 conjugation and would react 
with maleic anhydride to leave behind the required £.,1 
conjugated product. 
B . Preparation and sulphation of cis.tray^s con,-|ugated diene 
46 
(a) Preparation of "aC-elaeostearic acid from tung oil s 
Tung oil (20 g) was refluxed with alcoholic potash (6 g , KOH, 
5 m l water, 50 m l 95 % ethanol) for 3 0 m i n . with rapid 
stirring, cooled and acidified with 70 m l of 2 N H C l . The 
fatty acids were tapped off into a separating funnel and 
washed once with hot water (slight emulsification). Absolute 
ethanol (100 m l ) was added followed by 80 m l of light petro-
leum and the petroleum phase was washed with water, dried 
over sodium sulphate and filtered into a flask using 2 0 m l 
of petroleum ether for w a s h i n g . The solution was kept in a 
deep-freeze at -12°C overnight. The solid mass of crystals 
w a s broken u p , washed with cooled petroleum ether, filtered 
rapidly through a sintered funnel, and recrystallised from 
absolute alcohol. 
(b) Partial reduction of oC-elaeostearic acid with hydrazine 
hydrate'^'^-'^^i o<^~ETaensteariG acid (2 g) thus prepared was 
dissolved in 150 ml of absolute ethanol. Aqueous hydrazine 
(4.0 m l , 64 % ) was added and the solution was heated at 
52 + 3 ® C . Air is essential for the reaction and was bubbled 
fi2 
through the solution with stirring. After 7.6 h r . , the 
product was acidified with dil.HCl and extracted with ether, 
washed free of acid and dried under vacuum. The UV absorp-
tion spectra was run on a suitable diluted sample, and the 
percent diene and triene were calculated. 
The same material was now again subjected to hydrazine 
hydrate reduction for a further similar period (i.e. total 
16 hr.) and then again for a total period of 22.6 h r . The 
results are shown below: 
Material Time 
h r . 
^ C o n 3 . 
triene diene 
Starting material 
(oC-elaeostearic acid) 
95 Nil 
First hydrogenation 7.5 55 36 
Second hydrogenation 15 4 7 29 
Third hydrogenation 22.6 14 9 
Thus maximum diene is present after hydrogenation for 7.5 h r . , 
and thereafter the diene is itself reduced further. The 
product so obtained will be used for preparation of cis.trans-, 
d i e n e . 
4 8 
(c) Crystallisation to remove saturated acids s The product 
after the first hydrogenation (7.6 hr.) w a s taken in methanol 
(76 m l ) and crystallised overnight at -16®C in a deep freeze. 
The crystalline solid was filtered and dried : IV 3 . 2 , 
(d) Maleic anhydride adduct formation? It is well known that 
maleic anhydride forms 1,4-adducts with products carrying 
trans-.trans-con.iugated diene^^"'®^^ 
1 2 3 4 5 6 ^ o 
-CH = CH - CH = C H - CH = CH- C H - C " 
1 1 1 
1 2 3 4 5 6 ^ 
V C H - CH = CH - CH - CH = CH 
I t 1 t 
CH -9H 
OsC^ - C a O 
fi3 
The solubles from paragraph (c) were taken in 16 m l of dry 
benzene, a saturated solution of maleic anhydride in benzene was 
added and the whole refluxed for one h r . The solvent w a s 
evaporated and the adduct washed w i t h w a t e r . It was crystal-
lised from light petrol by keeping overnight in a deep freeze 
at -12°C, and the precipitate, which is the maleic anhydride 
adduct of both the trans-.trans-diene and the original cis-
trans^trans-trlene« was filtered o f f . The cis^trans-diene 
acid was isolated from the filtrates TJV showed 77 % of conj'. 
diene and 3 ^ of conj.triene; IR showed distinct peaks at 
54 
10.18 p. and 10.64 jx^ typical of cis«trans conjugated diene . 
(c) Sulphation of the cis^trans diene : The product (1 g ) 
was esterified with methanol. The ester was sulphated with 
10 parts of 90 ^ H2SO4 (w/w) for 2 h r . at 20-25°C. The 
product obtained was worked up and showed no diene conjugation sultone 
by ultraviolet spectroscopy. IK showed no/^peaks at 1360, 
1170 or 920 c m " ^ . A strong peak at 780 cm~^ was observed due 
to sulphon&te formation. Thus a cis^trans conjugated diene 
on sulphation gives rise to a sulphonate and not to a sultone. 
C . Preparation and sulphation of trans^trans conjugated diene 
(a) B y alkali isomerization^^s 20 g of oil or fatty acids were 
taken in a 260 ml flask, a calculated amount of potassium 
hydroxide in diethylene glycol was added, and the m a s s was 
refluxed for 2 h r . in a metal b a t h . Nitrogen was bubbled into 
the reaction mixture continuously. The mixture was cooled, 
acidified with 4 N HCl and the liberated acids extracted w i t h 
ether and then converted into methyl esters. The results 
for various starting materials were as followss 
Cyfi 
Product KOH used % Conjugation 
molar ratio 
(oll-to-alkali) 
Safflower oil lil 34 
Methyl linoleate Isl 4 2 
Safflower oil 1:3 68 
Mixed fatty acids of 
safflower oil luS 58 
Linoleic acid ls3 80 
(b) Crystallisation at -30^C to remove non-con.jugated materials 
5 g of the product derived by isomerlsing linoleic acid was 
crystallised from 50 m l of acetone overnight at -30°C, The 
crystallised conj.diene was isolated: IR showed a«trans 
peak at 960 cm"^; 0 V purity w a s 80 per cent. 
(c) Conversion of cls,trans-conj .diene to trans.trans-con.i. 
diene by isomerisation ; 4 g of the above diene ester was 
taken in 10 ml of pentane, a crystal of iodine added and the 
solution exposed to ultraviolet light for 3 h r . The ether 
extract of the isomer!sed ester was washed with thiosulphate 
solution to remove any free iodine present, and the product 
Isolated: IR peak at 960 c m " ^ . 
(d) Sulphatlon of trans.trans-conjugated ester: To 2 g of 
conjugated ester taken in a 50 m l beaker w a s added 10 g of 
cone.sulphuric acid drop by drop while stirring with a magne-
tic stirrer, which was continued for 2 h r . after the addition. 
The sulphated product was taken in ether, hydrolysed w i t h 
barium CWj^Cwcfeaa-HCl solution and then washed free of acid 
and dried. The IR spectrum showed the following peaks charac-
teristic of 1,4 sultones®^: 920 cm"^ and 1160 cm"^ (Fig.2,4). 
(e) Characterisation of sultone by preparing Its sulphonamide 
derivatives?,58: 1.6 g of the above material taken in 100 m l 
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flask was refluxed for 2 hr with 15 m l of aqueous ammonium 
carbonate solution. The contents were acidified with d i l . 
HCl and extracted with ether, washed free of acid and d r i e d . 
The IR spectrum shov/ed peaks at 1165 cm"l and 1360 cm""^, 
which have been attributed to sulphonamides (Fig.2.5). 
(f) Conclusions: Formation of a conjugated diene product during 
sulphation of linoleic-rlch oils, such as safflower, may be 
inferred from the presence of l,4--sultones, since the latter 
have been shown experimentally to be readily formed from 
suitable conjugated dienes by sulphation under normal condi-
t i o n s . Migration of double bonds under acidic conditions is 
known^*^®*^"^'^. The> disposition of the three possible conjuga-
ted dienes thus derived is shown b e l o w . The double bond could 
be either in the 9,11- or 10,12- positions: 
H H H 
- C = : C - C = : C - c i s , iEaas 
H 
H H H H 
H H 
-C = C - C = C - t^rans , tra^s 
H H 
The 1,4-system in the els.trans form is seen to be 
sterically not disposed to formation of maleic anhydride adducts 
across the end carbons, whereas in the cis,cis- and trans^ 
trans-systems these are exposed. Only the latter has been 
experimentally verified, but the former seems more likely. The 
poor hydroxylation of linoleic-rlch oils by the sulphation route 
is thus explicable by the ready formation of conjugated diene 
(possibly sXSfCXs.) systems which then undergo 1,4-addltion of 
OE" and SOqE"^ maisties followed by degradation to 1,4-sultones, -
2,6 CONCLUSIONS 
1 . A method has been worked out for estimation of the 
acidic carboxyl, sulphate and sulphonate groups arising 
during sulphation of vegetable oils. This involves titra-
tion of the total acidity in an ether-ethanol medium with 
alcoholic potash to phenolphthalein, and acidification 
with hydrochloric acid followed by back titration w i t h 
alkali to thymol blue in order to measure only carboxyl. 
Another weighed sample is hydrolysed with dilute H C l , the 
fatty material isolated and titrated to phenolphthalein to 
measure the acidity due to carboxyl and sulphonate only. 
Thus each acidic category can be determined separately. 
Several artificial mixtures were in good correspondence. 
2 . Sulphation of oleic acid using 80 per cent sulphuric 
acid furnished hydroxystearic acids in high y i e l d . 
3 . Sulphation of esters and glycerides, followed by sul-
phuric acid hydrolysis, often resulted in high free fatty 
acid contents. A procediare was worked out to reduce such 
ester or glyceride splitting by employing,for sulphate 
hydrolysis^\s>f^ks® saturated barium chloride solution contain-
ing concentrated H C l . 
4 . Sulphation of methyl oleate or of oleic-rich oils and 
subsequent hydrolysis was possible without extensive side 
reactions. Optimum sulphation of groundnut, kusum and 
mustard oils gave products of hydroxyl value about c a . 5 0 . 
Sulphation of the corresponding mixed fatty acids slightly 
improved this hydroxyl value, and crystallisation of the 
products from hexane gave 35-40 per cent yields of hydroxy 
acids of hydroxyl value 100-150 and m.p.76-79°C 
6 . W h e n mixtures of methyl oleate and linoleate were sulphated, 
the attack was shown to be mainly on the oleate component. 
6 . Sulphation of safflower oil with graded strengths of 
sulphuric acid indicated that the best sulphation occurred 
( w / w ) 
with 78 per cent/of sulphuric acid at 0-26°C or with 79 per 
cent sulphuric acid (w/w) at 0°C. The resulting products 
after hydrolysis had a carboxyl acid value of 8 - 9 , hydroxyl 
value of about 35 and residual IV about 1 1 3 . Attempts to 
increase the degree of hydroxylation led to extensive side 
reactions, and the sulphate route to monohydroxylation of 
oils containing linoleic acid is not possible. 
7 . The nature of the side reactions w a s examined. W h e n a 
higher strength of sulphuric acid v i z . 86 per cent (w/w), 
was used for sulphation of safflower oil and the sulphateek 
hydrolysed, only about half the unsaturation lost was 
accountable as hydroxyl. The resulting product contained 
3.2 per cent of sulphur, and removal of the latter by boiling 
with stfong alkali yielded a fatty conjugated d i e n e . The 
IR spectrum of the product suggested the presence of a 
sultone. This could arise by formation from linoleate of 
conjugated diene, which then undergoes 1,4-addition of -OH 
and -SO3H, followed by dehydration of these moities to a 
sultone. The trans conjugated diene (prepared by partial 
hydrogenation of o C - e l a e o s t e a r i c acid with hydrazine hydrate, 
followed by maleic anhydride adduction of the residual 
c,i,l-con3Ugated triene and ji,J^-con3ugated diene) yielded on 
sulphation a sulphonate and not a sultone, A i,i-conjugated 
diene (obtained by alkali isojnerisation of linoleic a c i d . 
followed by complete iodine isomerisation of <2. to double 
bonds) yielded on similar sulphation a sultone. This supports 
the possibility of the sultone forming from conjugated d i e n e , 
itself derived from linoleate; it also shows that the diene 
form which yields the sultone is the and probably 
also the £.,c form, which are both sterically well-disposed, 
8 . iCinseed oil, in which linolenic acid forms 65 per c e n t , 
was surprisingly well sulphated with £ew side reactions, 
using 80 per cent sulphuric acid at 0 - 5 ® C , to a product of 
HV 77 and IV 1 3 9 . 
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CHAPTER 3 
THE EPQKIDATIOK-HYDROGENATION ROUTE 
3.1 Epoxidatlon and ring-opening 
3.2 Attempted reduction of partially-epoxidised 
methyl oleate 
3.3 Hydrogenation in presence of complexing 
agents 
3.4 Conclusions 
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3,1 EPOXIDATIOH AW RING-OPENING 
A . Epoxidatlon of fatty materials 
Epoxidation is of value in degradation studies of 
natural products, in the characterisation of olefinic compounds 
and in synthetic procedures. It is also industrially important 
in the preparation, e . g . of epoxy glycerides, which are used 
as heat- and l i g h t - s t a M l i s e r s in polyvinylchloride resins 
and plastics, and in surface-coating formulations. From 
the functional standpoint an epoxide group is equivalent to 
two hydroxyl groups in many reactions, such as in alkyd formula-
tions, for which use it is usually preferred to hydroxy 
products. In polycondensation reactions however, such as 
polyurethane formation, glycols are the materials of choice^. 
Excellent reviews on the subject of epoxidation are 
2 7 
available The earliest method of epoxidation was by 
dehydrochlorination of the easily-prepared halohydrins of 
unsaturated compounds^""^®. 
\ _ = c " C l 2 ± l M | > c C +NaCl - a 
/ ^ / I hydrolysis/ \ ^ 
HO C I 0 
+ NaCi + H2O 
Autoxidation of olefinic acids was shown to result in the 
formation of epoxy acids, not exceeding 15 perhaps by reac-
tion of a hydroperoxide moiety with another ethenoid linkage: 
-CH-CH = CH- + -CH = CH- > -CH -CH = CH- + -CH - CH-
1 7 I / 
OOH CK 0 
Use of peracids: The most important method of preparing epoxy 
acids today is to epoxidise the corresponding olefinic acids 
73 
with organic peracids . In this technique, the two reactions 
of epoxidation and dihydroxylation, which represents the 
further addition of water to an oxirane linkage, are generally-
considered together. The experimental conditions are 
practically identical, except for the avoidance during thefoioncr 
reaction of a strong mineral a c i d , which conduces to ring 
opening. 
Mechanism of epoxidation; In the reaction of a peracid w i t h 
an olefin, the species attacking the double bond apparently 
is electrophilic. This conclusion is drawn from the fact 
that the rate of addition is increased when the hydrogen 
atoms attached to the double bond are replaced by electron-
donating alkyl groups and is decreased when electron-attract-
ing groups such as carboxyl are substituted at or near the 
2 11 12 
double bond ' ' . In polar solvents, such as acetic acid, 
the attacking species may be the hydroxoJiium ion OH"'": 
R - C - OOH + AeOH > OH + R - C - OH + OAe" 
Epoxidation, however, also occurs in non-polar solvents and 
the mechanism in this system possibly is: 
V . O . ^ ^ v (yOJ ^ c , o ^ 
+ q 
y ^ c - R 
o c 
/ ^ ^ C - R 
^ H c 
\ " ^ C - R 
A ^ H " - H 
12 
O 
The addition to the double bond is a cis addition 
In the epoxidation of unsaturated compounds containing 
more than one double bond, the double bond with the greater 
electron density is attacked first. Thus, in the reaction 
of isoprene with a peracid, the double bond to which the 
13 14 
methyl group is attached reacts first ' 
7/; 
An enormous literature is available in regard to the 
preparation and properties of peracids, and the preparation 
16-19 
of the epoxy compounds and glycols from unsaturated compounds 
Organic peracids have numerous advantages over chemical 
inorganic oxidising agents such as permanganate, nitric acid 
and hypochlorites, and are today almost exclusively used for 
the industrial and laboratory preparation of long-chain oxirane 
compounds and o C - g l y c o l s . The following structure for per-20 
formic or peracetic acids was proposed by Giguere and Olmos 
on the basis of infrared evidence: 
18 
To obtain the maximum yield of oxiranes , it is neces-
sary to operate at moderate temperatures (20-25°C), to keep 
the reaction time as short as possible and to exclude the 
possiULity of ring opening wh^ch is promoted when strong 
acid is present. Thus use of organic peracids derived from 
21—23 24 25 
weak acids, like perbenzoic and perphthalic acids » 
yields only oxirane compounds. 
It is of historical interest that preformed perbenzoic 
acid w a s used in 1909 by Prileschajaw^^"^^ to show for the 
first time that oxirane compounds are obtained from unsaturated 
compounds. 
^ ^ C - O O H 
> c — c ( 
The reagent has recently been applied to epoxidation of a 
variety of compounds, including methyl oleate, oleyl alcohol, 
7 r" 
17 26 
and oleic acid ' . Aromatic peroxy acids with electron-
withdravdng groups, such as £-.nitroperbenzoic acid, oxidise 
unsaturated compoimds ten times faster than perbenzoic acid 
and fifty times faster than peracetic acid, while dinitro-5 
perbenzoic acid is probably the strongest known aromatic 
peracid. 
Of the aliphatic peracids, performic acid is not generally 
27 
considered an epoxidising agent since its highly acidic 
character leads to opening of the oxirane r i n g . By employing 
only small quantities of formic acid as a solvent and oxygen 
carrier, and in some cases by adding small amounts of sodium 
hydroxide, it has been reported that methyl oleate, octyl 
oleate and soyabean oil can be converted to oxiranes in 
fair yields^^. 
Peracetic acid is one of the most conveniently prepared 
of organic peracids, and has been extensively studied as an 
oxidising agent. For a long time, it was assumed that 
oxiranes could not be prepared by epoxidation of olefins with 
peracids such as peracetic acid since the products isolated 
from such reactions were e i t h e r o C - g l y c o l s or their mono-
acetates, The formation of hydroxy acetoxy compounds has been PQ "iO 
reported by numerous investigators during epoxidation . 
The part played by acids in ring opening was first revealed 
in a kinetic study of the reaction of peracetic acid in 3 3 acetic acid solution w i t h various long-chain olefins . 
Peracetic acid is usually prepared and employed for prepara-
34 
tion of oxiranes in either of two ways s 
(i) the peracid is preformed by the reaction of acetic acid or 
acetic anhydride with 25-90 % hydrogen peroxide and then mixed 
With thfe unsaturated compound, a m e t h o d of great utility in 
laboratory w o r k ^ , or (ii) the unsaturated compound is mixed 
with hydrogen peroxides and acetic acid, and the peracetic 
acid developed in situ is consumed as it is formed, a proce-
dure fully developed for commercial operation^^'^®. 
Laboratory epoxidation of mono- d i - . and trienes; The epoxida-
"^ion reaction has been applied almost quantitatively to 
monoenes. In a study of the oxidation of oleic acid and 
elaidic acids w i t h hydrogen peroxide in acetic acid (peracetic 
acid), King was able to get the high-melting 9,10-epoxy-
O 
stearic acid (69.5 C ) in high yields, Epoxidation of 
methyl oleate with hydrogen peroxide has been described by 
X8 
Schmitz & Wallace . Findley gJt. successfully carried out 
epoxidations at 25®G of oleic acid, methyl oleate, elaidic 
a c i d , methyl ricinoleate, castor oil, olive oil, linseed oil, 
etc.; at 66-100°G however the ring was opened quantitatively 
in one h o u r . 
« 
It has also been shown that linoleic (cis.cis 9,12-
octadecadienoic) acid, the major diunsaturated component of 
38 
many natural triglycerides, undergoes similar epoxidation . 
W h e n two moles of peracetic acid are used per mole of linoleic 
acid, 9,10-; 12,13-diepoxystearic acid is the main product, 
while with one molecule of peracid a monoepoxy octadecenoic 
39 
is obtained . It appears that methylene-interrupted acids 
such as linoleic, with two unsaturated centres, and arachidonic, 
with four unsaturated centres, are epoxidised just as readily 
as monoene acids. In the reaction of one mole of linolenic 
acid with an excess of peracetic acid solution, the calculated 
consxamption of peracid (3 moles) is 90 ^ complete within 1 h r , 
and 98 % complete in 3 to 6 h r , at room temperature. 
77 
In the peracetic acid epoxidation of a series of natural 
glycerides, ranging in iodine value from 64 to 207, it was 
shown that the ratio of oxirane formation to total oxidation 
18 
decreased with increasing unsaturation . 
In compounds containing both ethylenic and acetylenic 
linkages, it was found that the ethylenic linkage reacts a 4 40 
thousand times faster than the acetylenic linkage ' . The 
epoxy acetylenic acid could be prepared in a pure state from 
4 1 
such reaction products . Conjugated acids are not 
4 2 epoxidised 
43 
Industrial epoxidation; Some industrial firms directly 
epoxidise olefinic compounds using hydrogen peroxide and insuf-
ficient acid to prevent ring opening. The first published 45 
in situ process was described in the patent literature and 
employed formic acid and hydrogen peroxide. Such i a situ 
44 
epoxidation is naturally of great advantage in industrial 
practice over the epoxidation with preformed reagent, since 
it avoids separate preparation of peracids. Such epoxidised 
fatty materials are important stabilisers and plasticisers 
for polyvinyl chloride products, where they function by acting 
as scavengers for HCl and prevent the product from becoming 
brittle. An important contribution to tdtee epoxidation chemistry 3 7 
was made by Schmitz and Wallace w h e n they observed that 
peracetic acid could be prepared in about 87 % yield by 
reacting 60 % ^ ^ ^ ^ acetic acid in the presence of a 
sulphonated polystyrene exchange resin acting as an acid 
catalyst. Shortly thereafter this resin technique was used in 
an ill situ peracetic acid process to epoxidise unsaturated 
46 
fats and oils . This one-step process, has the advantage 
over other techniques in that less by-products are formed. It 
•'S 
has been used commercially on a batch basis for the epoxidation 
of imsaturated compounds such as unsaturated glycerides, 
4 7 
straight-chain fatty esters and long-chain olefins . The resin 
is separated by filtration from the batch after the epoxidation 
4ft 
reaction is complete and may be reused . 
B . Hydrogenation of an epoxy to a monohydroxy group 
Strong alkali solution (aqueous 3 N NaOH) is commonly 
used to open the epoxy ring to yield ls2 glycols. However, 
strong alkali is unsuitable with esters or glycerides, since 
the ester linkage w i l l be simultaneously saponified to yield 
carboxylic acids. Ring opening can also take place by acid 
4 9 
catalysis , which will not damage the ester or glyceride 
linkages. However the products of both alkaline and acid 
ring-opening are glycols, which are unsuitable for the present 
\ 
purpose, as pointed out in Chapter 1 , because of the steric 
hindrance offered by adjacent hydroxyl groups. 
Reduction of an epoxy to a hydroxy group involves addition 
of two hydrogen a t o m s . In theory, any separate double bond 
should be spared by a chemical reduction: 
-CH -^CH - R - CH = CH ^ ^ > CH - CHg - R - CH = CH -
OH 
No methods for epoxy group reductions in this way have been 
reported. An analogy may perhaps be found in hydroperoxides, 
which are also reduced to hydroxy groups by treatment with a 
variety of reducing agents such as stannous chloride®^, 
potassium iodide®^, sodium b i s u l p h i t e ^ ^ sodium boro-
hydride^^»^^ . Some of these will be tried for the present 
purpose. 
It is well established that opening of the epoxy ring 
by catalytic hydrogenation will give a monohydroxy product. 
54 
Pigulevskii & Rubashko reported the hydrogenation of ethyl 
Qis 9,10-epoxystearate to 10-hydroxystearate in alcohol 
solution using palladium black as catalyst. According to 
57 
Ross e i methyl cis 9,10-epoxystearate on hydrogenation 
with Raney nickel in ethanol yields 9- and lO-hydroxystearate 
Other workers have encountered considerable difficulty in 
the hydrogenation of long-chain epoxy compounds. Thus, 
56 
Newman e ^ ad* were unsuccessful in hydrog^nating 1,2-epoxy-
decane in absolute alcohol w i t h platinic oxide (Adam's 
catalyst) or with Raney nickel under ordinary conditions 
at room temperature. They succeeded in obtaining decanol 
only by hydrogenation over Raney nickel at a temperature of 
150°C, However, Mack & Bickford^"^ showed that 9,10-epoxy-
stearates can be hydrogenated at room temperature and atmos-
pheric pressure over palladium-carbon. In alcohol solution 
the reduction takes place slowly even if a large amount of 
catalyst is present, but w h e n glacial acetic acid is the 
solvent the hydrogenation proceeds quite rapidly. CO 
Lindlar's catalyst (palladium deposited on calcium 
carbonate, followed by poisoning with lead) has been used to 
reduce the hydroperoxide group to hydroxytwithout affecting 
double bonds in the system. Possibly the same catalyst may 
also open the epoxy ring while preserving unsaturation. 
C . Plan of work 
Limited epoxidation of unsaturated oils should present 
no problem. The main point to establish is the feasibility 
of epoxy ring-opening without loss of unsaturation. Pure 
80 
m e t h y l oleate will be epoxidised to,a definite degree and an 
attempt will be made to open the ring by chemical hydrogenating 
agents without loss of unsaturation. Hydrogenation will 
next be carried out over palladium-carbon, Raney nickel, and 
Lindlar catalyst using various solvents at different 
temperatures. 
After Working out feasible procedures on partly-epoxidised 
methyl oleate and linoleate, these will be applied to safflower 
and linseed oils epoxidised to different extents. 
Si 
3.2 ATTEMPTED REDUCTION CF PARTIALLY-EPOXIDISED METHYL OLEATE 
Partial epoxidation of unsaturated centres occurs 
apparently at random. Ring-opening will yield either glycols 
or single hydroxyl groups. Only the latter product is des-
cribed in this work, and the aim is to achieve such ring 
opening unaccompanied by hydrogenation of unsaturated linkages. 
This is possible both by chemical reduction of epoxy groups, 
or by hydrogenation over metal catalysts. This section 
describes the efforts made in this direction using partially-
epoxidised methyl oleate, the simplest product of this type, 
which is really a mixture of methyl 9,10-epoxystearate and 
methyl oleate. In some instances partially-epoxidised acids 
were also used, 
A, IRreparation of base materials and catalysts 
18 
(a) Preparation of peracetic acid : 4500 g of acetic anhydride 
was taken in a three-necked flask and 1000 g of hydrogen 
peroxide (26-30 was added slowly with stirring at 40°C with 
external cooling. After the mixture had reacted for about 
4 h r . at 40°C, the contents were left overnight. The strength 
of the resulting peracetic acid was 7 The peracetic acid 
can be stored at 6°C for several weeks without appreciable 
reduction in strength. 
(b) Preparation of partlv-epoxidised esters and oils; In this 
section, only partially-epoxidised methyl oleate was used. 
For convenience, preparation of other partially-epoxidised 
esters and oils used in later sections of this chapter is 
also described here-
82 
(i) Partlal-epoxidatlon of methyl oleatei jn a typical experi-
m e n t , methyl oleate (IV 85.0, AY l.o) was partially epoxidised 
using 0.6 moles of 6.7 ^ peracetic acid. The peracetic acid 
was added to methyl oleate at 20-25°C over a period of 20 m i n . 
under stirring. The reaction was further continued for 3 h r . 
and the contents poured into cold water and extracted with 
ether. The final material had IV 3 1 . 0 , oxirane oxygen (0x0) 
3.2 Oxirane oxygen was determined as described below. 
Partial epoxidation of oleic acid was carried out similarly. 
(ii) Partial-epoxidation of methyl llnoleate: A concentrate of 
methyl linoleate (IV 154.0) was prepared by urea adduction of 
the mixed fatty acids of safflower oil followed by esterifica-
tion. The ester was p a r t i a l l y - e p o x M i s e d for 3 h r . using 
about one mole of peracetic acid per mole of the ester. After 
epoxidation, the product was poured into cold water and 
extracted with ether. The material had IV 5 6 . 0 , QxO 5.2 
(iii) Partial-epoxidation of groundnut oil? Refined groundnut 
oil (IV pi.O) was partially-epoxidised using 0.6 mole of 
peracetic acid (7 % ) for 3 h r , at 20-25°C, poured into cold 
water and extracted with ether. The epoxidised material had 
IV 43.0, 0x0 2.8 
(iv) Partial-epoxidation of safflower oil: Safflower oil 
(IV 130.8) was partially-epoxidised using 0.6-0.7 mole of 
peracetic acid per mole of unsaturation for 3 h r . The material 
was poured into cold water and extracted with ether. The 
epoxidised oil had IV 54.0, QxO 4.1 
(v) Partial-epoxidation of linseed oil? Refined linseed oil 
was epoxidised for 3 h r . using 6 % peracetic acid to get a 
material of IV 97.0, 0x0 5.0 
83 
59 
vi) Estimation of oxlrane oxygen : Qxirane oxygen, hereafter 
w 
abbre-vfeited to 0x0, w a s estimated by the Durbetaki method 
which consists in (a) the standardisation of hydrogen bromide 
in glacial acetic acid against sodium carbonate, and (b) 
estimation of oxirane oxygen by titrating the compound with 
standard hydrogen bromide solution in a mixture of acetic acid 
and chlorobenzene using crystal violet as indicator to a 
bluish-green end point. 
C . Preparation of hydrogenation catalysts 
60 
(i) 10 % Palladium-Carbon catalyst s Palladium chloride was 
reduced and deposited on carbon by shaking a mixture of 
palladium chloride (2,1 g) dissolved in hydrochloric acid, 
sodium acetate (44 g, A.R.) dissolved in w a t e r , and nitric 
acid-washed activated carbon (11.5 g) with hydrogen until no 
further uptake could b§ observed. The catalyst was washed 
free of acid and d r i e d . 
(ii) Lindlar's catalyst^^? Palladium chloride (4.2 g) dissolved 
in hydrochloric acid was added to a stirred suspension of 
precipitated calcium carbonate (50 g); stirring was continued 
for 6 m i n . at room temperature and then for 10 m i n . at 80°C. 
The suspension was then shaken with hydrogen until no further 
uptake could be observed. It was washed with distilled water, 
again suspended in distilled water and a solution of lead 
acetate (5 g) added. It w a s further stirred for 10 m i n . at 
20°C and 40 m i h . in a boiling bath. The catalyst was filtered, 
washed with distilled water and dried iji vacuo at 40-45°C. 
(iii) Preparation of Ranev nickel^^i A solution of sodium 
hy^lroTide (3S0 g) in 1600 ml distilled water was taken in a 
4-1 beaker equipped w i t h an efficient stirrer, cooled in an 
ice-bath at 10°C and 3 0 0 g of Ni-Al alloy added to the solution 
in small portions, with stirring, at such a rate that the 
temperature did not rise above 25°C. W h e n all the alloy had 
been added (about 2 hr.), stirring w a s stopped, the beaker 
removed from the ice-bath and the contents allowed to come to 
room temperature. After the evolution of hydrogen had almost 
ceased, the reaction mixture was allowed to stand on a steam 
bath until the evolution of hydrogen again became slow (8-12 hr.). 
The liquid volume in the beaker was kept constant by adding 
distilled water. After heating, the Ni was allowed to settle 
and the liquid decanted. Distilled water was then added to 
bring up the solution to the original volume, the nickel sus-
pended by stirring, again allowed to settle and the solution 
decanted. The Ni was then transferred with distilled water 
to a Si beaker. A solution of 5 g of sodium hydroxide in 600 m l 
distilled water was added, the catalyst suspended and allowed 
to settle, and the alkali decanted. The Ni was washed repeatedly 
until the washings were neutral to l i t m u s . The washing process 
was finally carried out 3 times with 200 m l of 95 % alcohol 
and the catalyst stored under absolute alcohol. 
B . Chemical ring-opening 
(a) Treatment of partially-epoxidised methyl oleate with 
potassium iodide^^: Partially-epoxidised methyl oleate (3 g, 
IV 26.0, 0x0 3.45 % ) was added to a mixture of saturated pota-
ssium iodide ('25 m l ) and chloroform (76 ml) and shaken for 
0.6 h r . at room temperature. The contents were diluted with 
w a t e r , extracted with ether and the extract washed w i t h sodium 
thiosulphate solution followed by water washing. The final 
product had QxO 3,2 % , 
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TLC of the product using 16 % ether in pet.ether 
containing 2 % formic acid did not also show any transforma-
tion of epoxy to monohydroxy groups. 
(b) treatment of partiallv-epoxidised methvl oleate with 
stannous chloride^^i Partially-epoxidised methyl oleate 
w a s shaken for 2.6 h r . with stannous chloride (9 g) in ether 
(100 ml) at 32°C. Then the contents were diluted with water 
and the ether layer thoroughly washed with w a t e r . The final 
product had A V 1.0, IV 26.0, H ? 108.4 (Calc.HV 109.7) and 
fo C I 6 . 4 . 
TLC of the final product using 15 % ether in pet.ether 
containing 2 % formic acid revealed a ma^or spot with a 
slightly higher Rp value (Rp x 100 = 4 0 ) than that of 
methyl 9(10)-monohydroxystearate (Rp x 100 = 29-32). The 
formation of chlorohydrins during the stannous chloride 
treatment is shown by the H V , the chlorine content and the 
TLC behaviour (Fig.3.1). Efforts were next directed towards 
hydrogenation over palladium-carbon catalyst. 
C . Catalytic hydrogenation 
(a) Ring opening using ethyl acetate, methanol and pyridine 
as solvents and palladium-carbon as catalyst: The use of 
pyridine in this experiment was based on its protective 
action for double bonds b^i hydrogenation,as shown by 
63 
Pryde et who reduced ozonised soyabean oil with p a l l a d i m -
carbon as catalyst in presence of pyridine to oily products 
having three different types of functionality: aldehydic, 
olefinic and glyceride ester. 
A now artificial mixture (QxO 2.37 IV 41.2) was 
prepared by mixing oleic acid and epoxystearic acid. This 
Fig.3.1 TLC separation on silica gel G plate 
Plate : Used as such 
Charring reagent : Chromic acid 
Solvent system : 15 % ether in pet.ether (40-60°) 
containing 2 % formic acid 
Materials j 
1 . Methyl oleate 
2 . Partially-epoxidised methyl oleate 
3 . Methyl cis-9,10~epoxystearate 
4 . Expt.No.l, Stannous chloride treatment in ether 
6 . Expt.No.2, » » » 
6 . Me-9(10)-hydroxystearate 
7 . Me-.9,10-dihydroxystearate 
Solvent f r o n t 
O O 
O 0 
8 
• • 
1 2 
• 
3 
C 
• • • • 
4 ^ 5 6 7 
FIG, 3 . 1 
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was hydrogenated in a solution of 4 0 m l of ethyl acetate, 
8 m l of methanol and 6 m l of pyridine containing 0.6 g of 
IG/C catalyst, Hydrogenation was carried out at a pressure 
of 26 psi at room temperature for 4 h r . when there w a s no 
measurable absorption of hydrogen. The material was filtered, 
poured into water, repeatedly extracted with ether and the 
ethereal layer washed free of pyridine with dilute hydrochloric 
a c i d . The final product had IV 4 1 . 8 , 0x0 2.39 showing 
that no change had occurred either in unsaturation or in 
oxirane oxygen. 
(b) Ring-opening usin^y acetic acid-pyridine as solvent and 
palladium-carbon as catalyst: A mixture of epoxystearic and 
oleic acids (IV 46.8, 0x0 1.9 i ) w a s dissolved in 40 m l of 
acetic acid and 4 ml of pyridine containing 0.5 of Pd/C 
catalyst and hydrogenated for 2 h r . a t 36 psi. The final 
product had IV 24.5 and 0x0 1,65 showing that pyridine was 
not very effective in protecting the unsaturation under these 
particular experimental conditions. 
(c) Ring-opening using acetic acid and Lindlar's catalyst; 
The same mixture of epoxystearic and oleic acids was taken 
in acetic acid containing 0.6 g of Lindlar's catalyst and 
hydrogenated for 3,5 h r . at 3 0 p s i . The final product had 
IV 47.0 and 0x0 1.66 % , The slight reduction in oxirang 
function m a y be due either to hydrogenation, or to reaction 
with acetic acid on prolonged contact. 
^^^ ^^ing-opening in hexane solution over Lindlar's catalyst; 
4 mixture of epoxystearic and oleic acid U V 49.5, 0x0 2.1 
was taken in 80 m l of hexane and hydrogenated over Lindlar 
catalyst at 33 psi for 5 h r . at room temperature (31°C). 
The final product had IV 42.0, 0x0 2.1 
7 
(e) Hydrogenation of partlally-epoxidlsed methyl oleate using 
Llndl^ar's catalyst in alcohol: The partially-epoxidised methyl 
oleate (5 g , IV 48.1, 0x0 2.19 % ) dissolved in alcohol (75 m l ) 
containing Lindlar's catalyst (1 g) was hydrogenated at 30 
psi for 1.25 h r . till it absorbs 450 ml of hydrogen. The 
final product had IV 17.2, 0x0 2.12 i.e. reduction of 
unsaturation only. 
Another hydrogenation experiment under the same conditions, 
except that 0.1 ml of quinoline was also present, resulted in 
a product which had IV 31.1, 0x0 2.16 
(f) Hydrogenation using Lindlar^s catalyst in acetic acid; 
The above partially-epoxidised methyl oleate (5 g) dissolved 
in glacial acetic acid (76 m l ) w a s hydrogenated using Lindlar's 
catalyst (1 g) at 29 psi for 4 h r . The product was filtered, 
diluted with water and worked up with ether. The final 
product had IV 49.0, 0x0 1.98 
The results are summarised in Table 3 . 1 . The data shoi-m 
in the table clearly indicate that the catalysts do not 
effect the opening of the epoxy ring under the conditions used 
while keeping intact the residual unsaturation. Any loss of 
epoxy occurs only when acetic acid happens to be present, 
probably by ring-opening to hydroxyacetoxy products. 
D . Hydrogenation variations 
Since the epoxy ring is under strain, it could perhaps 
open under rather milder hydrogenation conditions than those 
required for saturation of an ethenoid linkages, where a 
considerable activati6n energy is required. Hence use of 
special catalysts, of low-temperature hydrogenation with 
powerful catalysts, and of solvent variation'were all examined 
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using partially-epoxidised methyl linoleate prepared as des-
cribed : previously. The time of hydrogenation was kept 
rather short. 
(a) Hydrogenation with G-70 Nj-catalyst 
64 
(i) This catalyst, a zirconium-stabilised nickel, is believed 
to spare unsattiration while opening epoxy rings. The catalyst 
was in granular form. It was finely powdered, and a small 
quantity (1 g) was suspended in a-hexane (20 ml) and shaken 
with hydrogen in a low-^«cb;t>.usK.Parr-hydrogenator for 2 h r . 
To this suspension was added partially-epoxidised methyl lino-
leate (2.5 g , IV 52.6, 0x0 5.13 % ) in a-hexane (20 m l ) . Hydro-
genation was carried out at room temperature (25°C) for 10 h r . 
The catalyst was then filtered, solvent removed by distillation 
and the product isolated: IV 4 1 . 1 , HV 55.7, 0x0 2.99 A V N i l . 
Partial ring opening has occurred, but some unsaturation has 
been lost in 10 h r . of hydrogenation. 
(ii) The G-70 catalyst (1 g) was saturated with hydrogen for 
2 h r . as earlier described. 4 solution of partially-epoxidised 
methyl linoleate (2.5 g) in a-hexane (25 m l ) was added and 
hjrdrogenation conducted at room temperature for 7 h r . The 
product was worked up as in the previous experiment: IV 4 4 . 0 , 
0x0 3.15 HV 3 5 . 8 , AV Nil. Again some saturation has occurred 
along w i t h partial ring opening. Other possibilities were 
explored. 
(b) Hydrogenation at low temperatures: 
(i) Partially-epoxidised methyl linoleate (4 g , IV 68.7, 
0x0 3.88 also used in all subsequent experiments) was dis-
solved in absolute ethanol (40 m l ) and Raney nickel catalyst 
(0.5 g) was added. The mixture was cooled to -30° to -40°C 
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using solid carbon dioxide, and hydrogen gas was bubbled through 
this mixture for 4 hr at atmospheric pressure. The catalyst w a s 
filtered, and the solvent removed under reduced pressure: 
QxO 3.64 showing very poor ring-opening at a low temperature, 
even with a n otherwise active Raney nickel catalyst. 
(ii) The same partially-epoxidised methyl linoleate (3 g) w a s 
dissolved in absolute ethanol (30 m l ) and 10 % Pd/C catalyst 
(0.1 g, 0.33 % ) was added. The mixture was cooled to - 3 0° to 
-40°C and hydrogen w a s bubbled at a brisk pace for 5 h r . The 
catalyst was filtered away, and the solvent removed under 
reduced pressure: IV 48.8, 0x0 2.92 showing slightly higher 
activity than Raney Wi both in regard to ring opening and 
saturation. 
(iii) The same epoxy starting material (5 g) was dissolved in 
absolute ethanol (20 m l ) and cooled to 0°C. Hydrogen gas was 
passed through the mixture, in presence of 10 % palladium-
carbon catalyst (0.1 g, 0.66 % ) for 5 h r . The product had 
0x0 3.76 showing hardly any ring opening at 0°C. In the 
earlier phase of study also, use of Pd/C at room temperature 
had led to little ring-opening. 
(iv) The hydrogenation was repeated using glacial acetic acid 
as solvent, catalyst Pd/C (lo 0.66 temperature 15°C, 
and duration of hydrogenation 7 h r . After the hydrogenation, 
the catalyst was filtered off, the solvent diluted with water 
and the fatty matter isolated w i t h ether; IV 20.8, 0x0 3.4 
which shows considerable saturation. 
(v) Partially-epoxidised methyl linoleate (1.6 g) was dissolved 
in pyridine (20 ml) and 10 % Pd/C catalyst (0.073 g , 0.5 % ) was 
added. 'Hydrogen gas was bubbled through this suspension (not 
shaken under pressure) at room temperature (24°C) for 5 h r . After 
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filtration, the product w a s diluted with water and the fat 
isolated with ether: IV 68.0, 0x0 3.8 showing no hydro-
1 
genation. 
(vi) Repeating the above hydrogenation using 10 times the 
amount of catalyst, i . e . 50 % Pd/C or 5 ^ Pd, the values 
were: 0x0 3,70 IV 6 5 . 6 . The presence of pyridine in both 
these experiments does protect the unsaturation, but un-
fortunately also retards, the epoxy ring opening. The same 
effect had earlier been noted with partly-epoxidised acids 
when subjected to hydrogenation under pressure. 
This group of experiments suggests that it may be 
difficult to achieve the desired specificity tovrards epoxy 
oxygen using any differences in the relative reactivity of 
the oxirane group and ethenoid unsaturation tov/ards hydrogen. 
Another approach may be to protect only the double bond 
during such hydrogenation. The next section describes such 
attempts. 
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3,3 HYDROGENATIOK IK PRESENCE OF COMPLEXING AGENTS 
A . The nature of complexing agents 
It is well known that some elements like A g , C u , H g , 
R h , R u , and Re are characterized by the ability of their 
simple salts (usually halides, nitrates or perchlorates) to 
react directly with an olefin to form a metal-olefin complex. 
The above six metals form a loose coordinate complex w i t h 
olefins. The principle was applied by Lucas and his co-
workers®^ to the separation of hydrocarbons according to their 
66 
degree of unsaturation. Nichols predicted the possibility 
of quantitative separation of methyl oleate and methyl elai-
date employing two immiscible solvents using 0.2 M silver 
nitrate in 90 % methanol. This prediction w a s experimentally 67 ao 
verified some ten years later by Button e ^ aj^. and de Vries . 
Columns and thin layers impregnated w i t h silver nitrate are 
now in wide use for separating fatty esters and glycerides 
according to degree and type of \msaturation. 
The structure and bonding of these compounds has been 
a matter for some discussion. It was originally suggested®^ 
that the (olefins-Ag)'*' species could be represented as a 
resonance hybrid of three forms: 
0 + 
Ag Ag+ 
A somewhat more satisfying picture, in tune with modern con-
70 
cepts, has been presented by Dewar 
I II 
The bonding is believed to consist of a )u bond formed by-
overlap of a vacant 5s orbital of silver with a filled TT -2iq. 
orbital of the olefin, and a < -bond formed by overlap of a 
filled 4d orbital of the metal with a vacant anti-
bonding orbital of the olefin (II). The -bond tends to 
remove the negative charge from the metal which would other-
wise accTMulate owing to the -bonding. 
Another reagent which also appears to form complexes at 
71 
or near double bonds is mercuric acetate. Earlier it w a s 
believed that mercuration of olefins is parallel to bromination 
and occurs via a mercurinium ion. The reaction is complicated 
by the fact that mercuric salts of organic acids react as a 
71 
whole with the ethenoid linkage , and also by the fact that 
mercuric acetate can react either at the double bond or at the 
carbons next to it depending on the nature of the reaction 
72 75 
medium ~ . Mercuric acetate has been extensively used for 
separation of fatty esters and glycerides according to nature 
72 
and type of unsaturation . 
Other metal salts which complex at double bonds are cadmium 
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acetate , cupric chloride, cupric nitrate, stannous chloride 
and palladium chloride. 
The use of some of these products for protection of unsatu-
ration during ring-opening of epoxy to monohydroxy functions by 
catalytic hydrogenation w a s examined. 
B . Studies w i t h cadmium and mercuric acetates 
(a) Hydrogenation of partly-epoxidised methyl oleate using 10 % 
palladium-carbon in presence of cadmium acetate? Cadmium acetate 
(4 g , mol.wt.230) was dissolved in a mixture of methanol (70 m l ) , 
water (1 m l ) and acctic acid (2 m l ) . Fartially-epoxidised 
f»3 
methyl oleate (5 g, IV 42.5, 0x0 2.2 % ) and 10 % palladium-
carbon (0,5 g) were added and the material was hydrogenated 
at 30 psi for 15 h r . After leaving overnight under a hydrogen 
atmosphere, the contents were diluted w i t h w a t e r , extracted 
with ether, thoroughly shaken with 50 % hydrochloric acid to 
decompose any adduct, and finally washed free of mineral 
acid with w a t e r . The final product had IV 3 5 , 5 , 0x0 0.62 
which is fairly, but not entirely, satisfactory, 
(b) Hydrogenation of partially-epoxidised methyl oleate using 
10 % palladium-carbon in presence of mercuric acetatei Mercuric 
acetate solution w a s prepared by dissolving mercuric acetate 
(14 g) in a mixture of methanol (260 m l ) , water (2.5 m l ) and 
acetic acid (1 m l ) . 
The solution (70 ml) was added to partially-epoxidised 
methyl oleate (5 g, IV 42,5, QxO 2,2 %) and the contents left 
at room temperature for 2 h r . The material was then hydro-
genated using palladium-carbon (0.5 g) at 33,5 psi for 5 h r , 
diluted with water, extracted with ether and thoroughly shaken 
several times with 50 % hydrochloric acid to decompose the 
adduct. After extraction and water washing, the fatty 
material was isolated: IV 43.0, HV 82.0, QxO 0.04 
In different experiments the 0x0 content varied from 
0.04 to 0.2 
(c) Treatment of partially-epoxidised methyl oleate with 
mercuric acetate without hydrogenations During the above hydro-
genation experiments, a considerable absorption of hydrogen 
was not observed. Hence the epoxidised material was no 
treated as described above with mercuric acetate, and then 
decomposed with dilute hydrochloric acid, without going through 
-i 
the hydrogenation step. The final product had IV 42,5 and 
oxiran^ oxygen ranging from 0.06-0.30 % in different experi-
ments, showing that epoxy-ring disappearance can occur simply 
through the agency of mercuric acetate. 
The final products, both with and without hydrogenation, 
were each saponified using 10 % alcoholic potassium hydroxide; 
the mixed fatty acids thus obtained from the hydrogenation 
had IV 42.0 and HV 94.0. 
(d) TLC analysis of above products: TLC of the ester products 
obtained by treatment of partially-epoxidised methyl oleate 
with mercuric acetate, with and without hydrogenation, along 
with reference samples such as methyl oleate, partially-
epoxidised methyl oleate, methyl 9(10)-hydroxystearate and 
methyl 9,10-dihydroxystearate, was performed on silica gel G 
plates using 20 % ether in pet.ether containing 2 % formic 
7 7 
acid . The chromatograms (i'''ig.3.2) showed clear evidence 
of the presence in the hydrogenation product of methyl oleate, cu 
small quantity of unconverted 9,10-epoxystearate and 9,10-
dihydroxystearate, and a major portion consisting of two 
close spots slightly but distinctly above that of an authentic 
sample of methyl 9(10)-hydroxystearate itself obtained by 
hydrogenation of methyl 9,10-epoxystearate. Thus the product 
of mercuric acetate treatment of the epoxy ester is not the 
desired hydroxy ester, 
TLC of the acids (obtained by saponification with alcoholic 
potash of the above ester material followed by acidification) 
was-conducted on silica gel G plates with pux'e reference acids 
using a solvent system of 25 % ether in pet.ether containing 
2 % formic a c i d . The presence of the following products 
Fig.3.2 TIC separation on silica gel G plate 
Plate ! Used as such 
Charring reagent s Chromic acid 
Solvent system : 20 % ether in pet.ether (40-60°) 
containing 2 % formic acid 
Materials J 
1 . Methyl oleate 
2 . iRartially-epoxidised methyl oleate 
3 . Fartially-epoxidised methyl oleate + mercuric 
acetate + hydrogenation + decomposition 
4 . Partially-epoxidised methyl oleate + mercuric 
acetate + decomposition 
5 . Acetylated me-9(10)-hydroxystearate 
6 . M0-9(10)-hydroxystearate 
7 . Me-9,10-dihydroxystearate 
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Fig.3«3 TLC separation on silica gel G plate 
Plate J Used as such 
Charring reagent s Chromic acid 
Solvent system : 26 % ether in pet.ether <40-60°) 
containing 2 % formic acid 
Materials : 
1 . Oleic acid 
2 . Cis-9,10-epoxystearic acid 
tiireo-9,10-dihydroxystearic acid 
4 . 9(10)-hydroxystearic acids 
5 . Mercuric adduct formation, hydrogenation, decomposi-
tion and saponification using 10 % alcoholic 
potash 
6 . Mercuric adduct formation, decomposition and 
saponification 
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FIG. 3.3 
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(Rp X 100 values in brackets) was revealed (Fig 3.3): un-
changed oleic acid (85), minor proportions of epoxy acid (47) 
and dihydroxystearic acid (6), and a major proportion of a 
material consisting of two isomers (22,25) each with a 
slightly lower % value than those of an authentic sample of 
9(10)-hydroxystearic acid (26,29). 
The identity of this product may be considered. It 
cannot be a monoacetoxy compound, as a sample of acetylated 
methyl 9(10)-hydroxystearate had almost the same TLC movement 
as methyl 9,10-epoxystearic a c i d , whereas the product being 
considered was distinctly different. Moreover, the product 
HV 
had/^82,0. It cannot be a hydroxy acetoxy compound either, as 
in that case there would be a considerable increase in hydroxyl 
value from esters to corresponding mixed fatty acids, whereas 
the increase was from HV 82 for the ester to HV 9 4 for the / 
; a c i d . Finally, it is doubtful whether it is a monohydroxy 
compound, as its Rp value differed from that of the 9(10)-
hydroxy material. It would appear that mercuric acetate treat-
ment of a n epoxide, followed by acid washing, gives rise to a 
product containing one hydroxy group and some other group 
* 
attached to the ad;]acent carbon atom which modifies its move-
ment on silica gel G , The matter was not further pursued. 
C . Protecting unsaturation of partiallv-epoxidised compound 
w i t h silver nitrate during hydrogenation 
C - 1 . Partlv-epoxidised methvl oleate (IV 3 1 , 0x0 3.2 fo) 
(a) Silver nitrate (1.7 g) was dissolved by warming in absolute 
methanol (100 m l ) , and the solution cooled and added with 
gentle stirring to parlly-epoxidised methyl oleate (5.5 g , 
0x0 3.2 % ) . The contents were left overnight at 5 - 1 0° and 
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then hydrogenated over palladium-carbon (0.5 g) for 24 h r . 
at 29.5 p s i . The solution was filtered to remove the catalyst, 
diluted with water, shaken with 2 % hydrochloric acid (500 m l 
in five portions) and the material isolated (IV 3 2 . 0 , 0x0 
0.1 ^ and H V 107.0). 
(b) The experiment was carried out using the same conditions 
as above except that absolute alcohol was used as a solvent 
and 2 % sulphuric acid (500 m l in five portions) employed for 
decomposing the complex after hydrogenation. The final product 
had IV 32.5, 0x0 0.08 % and H V 129.0. 
(c) Another experiment was carried out using acetic acid as 
solvent. As acetic acid, on prolonged storage, is likely to 
open the epoxy ring resulting in the formation of a hydroxy-
acetoxy compound, silver nitrate w a s dissolved in acetic a c i d , 
the solution added to the partly-epoxidised methyl oleate and 
the whole immediately hydrogenated for 4 h r . using Bd/C at 
3 0 psi. The final product had IV 3 2 . 0 , 0x0 0.08 and 
HV 8 0 . 0 . 
(d) Hydrogenation experiments using alcoholic silver nitrate 
without storing the reaction mixture were next carried o u t . 
Silver nitrate (1.7 g) dissolved in^absolute alcohol 
(75 m l ) was added to partially-epoxidised methyl oleate (5 g) 
and then the contents were hydrogenated immediately at 30 psi 
over palladium-carbon (0.5 g ) . The product isolated after 
decomposing the complex w i t h 500 m l of 2 ^ sulphuric acid has 
IV 33.0, 0x0 0.09 HV 126.0. 
In a repeated experiment, the final material had IV 3 4 . 0 , 
QxO 0.06 % and HV 128.5. 
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(e) In order to determine whether it was contact of alcoholic 
silver nitrate with an epoxy group for a prolonged period 
which resulted in the formation of a hydroxy-alkoxy compound, 
silver nitrate (0.75 g) was dissolved in absolute alcohol 
(76 m l ) and left in contact with partly-epoxidised methyl 
oleate (2.5 g ) for 20 h r s . The material was worked u p in 
the same manner as above to give a product of IV 32.0 and 
0x0 3.18 ^ showing that mere alcoholic silver nitrate treat-
ment did not affect the epoxy group. 
(f) TLC of the products obtained by hydrogenation^on silica 
gel G plates, using a solvent system of 20 ^ ether in p e t . 
ether containing 1 ^ formic acid, revealed two close isomers 
with slightly higher Rf values ( % x 100 = 38,40) than those 
of an authentic sample of methyl-9( 10)-hydroxystearate 
(Rp X 100 = 36,38) and two other spots corresponding to 
9,lO-dihydroxystearate and methyl oleate. The chromatogram 
is shown in Fig.3.4. 
Further hydrogenation experiments using absolute alcohol 
as a solvent and 2 % sulphuric-acid for decomposing the adduct 
revealed more of dihydroxy material present than when using 
methanol as a solvent and 2 % hydrochloric acid for decomposi-
tion. This was shown by TLC evidence and also by hydroxyl 
value determination. 
Next the material was saponified using alcoholic potassium 
hydroxide-and the mixed fatty acids thus obtained were parti-
tioned between aqueous methanol and light petroleum to resolve 
them into non-hydroxy and hydroxy fatty acids. TLC of both 
portions using an ether-pet.ether system revealsd the presence 
in the petroleum-solubles of oleic acid followed by a minor 
Flg.a»4 separation on silica gel G plate 
Plate : Used as such 
Charring reagent : Chromic acid 
Solvent system : 26 % ether in pet.ether (40-60°) 
containing 1 % formic acid 
Materials : 
1 . Methyl oleate 
2 . Partially-epoxidised methyl oleate 
3 . Concentrate of 9,10-epoxy methyl stearate 
4 . Me-9(10)-hydroxystearate 
5 . Me-9,10-dihydroxystearate 
6 . Hydrogenated partially-epoxidised methyl oleate 
using silver nitrate in methanol 
FIG. 3 - 4 
Flg.3«5 TLC separation on silica gel G plate 
Plate : Used as such 
Charring reagent t Chromic acid 
Solvent system: 20 % ether in pet.ether containing 
1 % formic acid 
Materials : 
1 . Methyl oleate 
2 . Partially-epoxidised methyl oleate 
3 . Me-9(10)-hydroxystearate 
4 . Me-9,10-dihydroxystearate 
5 . Methanol soluble portion after Gunstone's procedure 
6 . Pet.ether soluble portion after Gunstone's procedure 
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amount of monohydroxy acid, and in the methanol-soluble 
(hydroxy) portion of a major portion of monohydroxy acid 
followed by a minor quantity of dihydroxy acid (Fig.3,5). In 
all TLC runs authentic samples were used for comparison. 
Thus the hydrogenation of an epoxy material carrying 
residual unsatxiration in the presence of silver nitrate offers 
compleie protection to the latter function, while permitting 
conversion of the epoxy group mainly to a monohydroxy function 
accompanied by a small quantity of dihydroxy material which 
may even have been present in the epoxy starting material. 
More complex systems were now tried. 
Partly-epoxidised methyl linoleate (IV 5 6 , 0x0 5.2 % ) 
(a) The epoxidised material (3 g) was added to a solution of 
methanolic silver nitrate prepared by dissolving silver nitrate 
(1.3 g) in methanol (75 m l ) and hydrogenated at 29 psi over 
10 % Pd/C (0.5 g) for 24 h r . The contents were filtered, 
diluted with water, extracted with ether and washed with dilute 
hydrochloric acid (600 m l in fivd portions) to give a final 
product of IV 61.0, 0x0 0.10 % and HV 145.0. On repetition of 
the experiment, the final product again had an QxO content 
of 0.15 
TLC of the hydrogenated product showed the disappearance 
of the epoxy group. 
(b) The product obtained by ;5ust leaving partly-epoxidised 
material in contact with methanolic silver nitrate for 24 h r . 
had 0x0 5.2 showing no effect of the reagent on the 
oxirane oxygen content. 
C.3 Partly-epoxidised groundnut oil (IV 4 3 , 0x0 2.8 % ) 
(a) Based on the residual unsaturation, silver nitrate (1.7 g) 
was dissolved in methanol (100 m l ) and partly-epoxidised ground-
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nut oil (6 g) was added to i t . Since the fatty material is 
sparingly soluble in methanol, the material was just 
dispersed and hydrogenated at 30 psi using Bi/C (0.6 g ) . 
The final product after decomposition with 2 % HCl had 
IV 4 5 . 0 , 0x0 0.2 % and HV 9 3 . 0 . 
(b) The epoxidised material was sparingly soluble in methanol; 
in the next experiment, this problem was overcome by using 
absolute alcohol instead. The hydrogenated product thus 
obtained had IV 46.4, 0x0" 0.3 ^ and H V 9 6 . 0 . 
C - 4 Partly-epoxidised safflower oil (IV 54.0, 0x0 4 . 1 % ) 
(a) Calculating from the residual unsaturation, silver nitrate 
(2,30 g) was dissolved in methanol (100 m l ) and partly-
epoxidised safflower oil (6 g ) added to i t . Since the fatty 
material is sparingly soluble in methanol, the material was 
just dispersed and hydrogenated at 3 0 psi over Bd/C (0.6 g ) . 
The product had IV 60.0, 0x0 0.15 ^ and H V 134.0. 
(b) Since the epoxidised oil was insoluble in methanol, 
another experiment was carried out in absolute alcohol medium 
in which it is soluble using the same hydrogenation conditions 
as those used earlier. The final product had IV 59.5, 0x0 
0.25 ^ and H V 133.5. 
Thus absolute alcohol is also a satisfactory msedium for 
hydrogenation. 
C . 6 . Partly-epoxidised linseed oil (IV 97.0, 0x0 5.0 % ) 
Calculating from residual unsaturation, silver nitrate 
(3.1 g) was dissolved in absolute alcohol (100 m l ) and 
partly-epoxidised linseed oil (5 g ) added to it, followed by 
hydrogenation at 3 0 psi over Pd/C (0.6 g ) . The final product 
had IV 99.1, 0x0 O.IP HV 1 6 5 . 
to 0 
Table 3.2 summarises the experimental d a t a . This con-
clusively establishes that when fatty esters or glycerides, 
epoxidised to any desired degree by controlling the quantity 
of peracid reagent used^and thus carrying residual unsatura-
tion, are hydrogenated to the corresponding monohydroxy 
products at low pressures over a palladium-carbon catalyst 
in an alcoholic medium, the presence of silver nitrate in 
solution offers complete protection to the ethenoid linkages. 
Hence the objective of the present work has been achieved in 
this route. 
D , Protecting unsaturation of partially-epoxidised compound 
using other complexing agents other than silver nitrate 
Since silver nitrate is expensive, the use of other com-
plexing agents like P d , Zn, Cd and Cu salts was further studied, 
(a) Hydrogenation of partly-epoxidised esters and oils in the 
presence of various complexing agentss Hydrogenation was 
carried out in 95 % ethanol as solvent using 10 ^ of 10 ^ 
Pd/C catalyst in a Parr hydrogenator in the presence of calcu-
lated quantities of palladium chloride, cuprous chloride and 
ainc chloride. The complex after hydrogenation w a s broken 
u p by shaking with 2 % hydrochloric acid, and the fatty product 
worked u p . The results are shown as part of Table 3 . 3 . 
Palladium chloride is completely uneffective as a 
double bond-complexUing a g e n t . W i t h cuprous chloride, the 
unsaturation is retained during hydrogenation; however 
halogen estimation showed 2.7 % C l , while TLC showed two 
spots corresponding to chlorohydrins, which would account for 
the satisfactory H V . Use of zinc chloride completely retards 
hydrogenation of both epoxy ring and unsaturation, leaving 
s 
o 
w >» 
H 
(d 
-P 
ai 
O 
TJ 
O 
u 
ft 
t3 
a> •p 
(U 
bO 
o Ih 
•o 
I 
p, 
0) 
> M 
01 
03 
CO 
l£J 
H 
CO 
0> 
H 
00 
o a 
w 
H 
o o o o O 
8 0> 0> 
CO 
i i >> 
M 
O 
03 O ft 
<1> 
1 ^ 
® 
B ft 
•H 
EH t J 
0) 
w 
•H •H 
W 
P< •H 
X 
O o 
CO ft 
> 
Q) 
(S3 
CO 
H 
CO 
w 
lO 
«0 
lO 
00 
w 
o 
lO 
^ w 0> 
CVJ 
CO 
a 
a> 
C(} 
0) 
Pi 
g 
+3 
o 
•H 
<U 
s 
as « 
> M 
+9 
TJ 
O 
lO 
00 
H 
<J> 
lO 
00 
a) 
+> 
ctf 
<1> 0) iH iH 
-P H •H •H 
ot) o 0 0 H 
Q) •H 
fH •H •P 0 
O iH 
^ -d 
H i-l 0 (i> 
H a> p <«H m 
0 CJ 
0) 0) U aJ •0 
S 2: 0 CQ 
§ 
H 
H 
03 
H 
pH 
O 
iH 
H 
00 
O 
0 
bO 
O 
-d 
<u 
> M 
H 
H 
a 
H 
CV3 
«5 
CO 
03 
O 
a * 
00 
0> 
CV3 
•d 
+> a> 
U) « 
H <1) 
<d •p to 
•P C3 as 
cd 0) «• 
O txO H 
Cd •H 
O 
• M 
C 
•H H 
-P O 
O & 
03 0> 
-P H 
i o O 
0) £ a 
a 
w 
rH 
§ 
O 
s 
H 
O 
a 
lO 
o 
iH 
<MO 
1 
o 
w a 
O H 
" i 
CM 
H 
^ 
Nl 
H 
O 
m 
a 
CO 
M 
§ 
CO 
CO 
a 
p, 
O >> 
o •H K 
CO o 
Cd p. 
i C! 
0) 
0) bO 
o 
f^H 
xi to 
<D Xi 
0) 
o 
<D 
§ > M 
+5 
cti 
K 
B 
<D +» 
i 
O « cd 
•H 
<1> 
4-> 
ctf 
6 
S « 
00 
CV3 
• 
UD 
CO 
•O 
<D 
M 
•H 0) 
-d -P 
•H cd 
X 0) 
OrH 
ft Q 
d) 
I iH 
•P +5 
m 0) 
JJ s 
00 
CV3 
lO 
CO 
0) 
m 
•H 0) 
•O-P 
•H «J 
OiH 
PiO 
d) 
I iH 
•P4J 
00 
w 
lO 
CO 
t3 
<1> 
CO 
•H (d 
X <D 
0 r-1 
P: O 
<D 
1 H 
H +s 
00 
0 • 
01 
Oi 
0) 
CQ 
•H 
•d 
•H iH 
M -H 
O 
a 
® t) 
I 0) 
a iH 
cn o 
o 
•p 
(d -p 
as 
O 
U 
ft 
0) 
a 
<D 
M 
0 
u 1 
> 
w 
§ 
A 
© 
> M 
10 
rH 
H 
03 
CO 
00 
0> 
0 
1 
00 
w 
lO 
U3 
o 
H 
lO o o Oi o H w H 
• • • • 
o o o o 
o • 
o 
o 
r—I 
xi 
to 
H 
0) 
a 
•H 
P, 
0 
CO 
I 
0) 
g 
CQ 
01 
-p 
o 8 00 O) CO 00 
ps p , • • • • 
0 CV3 N sf 
(X 
T ! 
© 
W 
•H 
-rS 
•H 
O UD o 
o • • • • 
P, > U5 CO (M Oi 
m M CO lO Oi 
CO 
a> 
+> 
ctf 
fH 
a> 
Pi 
a 
Q> +> 
i 
O 
tf 
rW 
Cd tH 
fH 
0) 
•P 
§ 
o 
"S 
0 
01 CO 
rH 
CM 
00 
iH 
0) H PH 
-p •H •H 
cd O o iH 
0) •H 
H O 
O 0) 
fi > T3 
H TJ o 0) 
>> tH 0) 
X! p <H V) 
+> o C 
© M cd •H 
cS CO 
10 
the product unchanged. 
(b) Hydrogenatlon of partly-epoxidised oils in presence of 
cuprlc nitrate as complexlng agent: Using one mole of cupric 
nitrate as protecting agent per double bond, hydrogenation 
of the partly-epoxidised oils was carried out as before in 
a Parr hydrogenator using absolute alcohol as solvent and 
Pd/C as catalyst at 30 psi for 15 h r . at room temperature. 
The complex was broken by shaking the sample with 2 % HCl 
after hydrogenation. Table 3.4 shows these results. 
Thus cupric nitrate is as effective a pi»complexing agent 
as silver nitrate for protection of double bonds during 
hydrogenation of epoxy to hydroxy groups, and is considerably 
cheaper. Resolution of the above esters on silica gel G 
coated plates using 3 0 j 7 0 ether slight petroleum containing 
1 % formic acid showed mostly monohydroxy with some dlhydroxy 
ester. 
By means of partial epoxldation and protective hydrogena-
tion, flexible degrees of hydroxylation can thus be achieved 
from any unsaturated oil, the gain in hydroxyl value being 
approximately 2 units for each unit of iodine value lost. 
Thus from safflovrer or linseed oils one can expect to obtain 
at will products with the following characteristics: 
From safflower oil From linseed oil 
IV HV IV HV 
140 (original) - 180 (original) -
100 80 130 100 
60 160 80 200 
102 
3.4 C O W C L P S I O N S 
1 . Partial epoxidation of unsaturated centres in vegetable 
oils using preformed peracids can be achieved to any desired 
degree. Various attempts have been made to convert the 
epoxy into a monohydroxy group leaving the residual unsatura-
tion intact. 
2 . Chemical ring opening using potassium iodide did not 
proceed. Use of stannous chloride led to formation of 
chlorohydrins. 
3 . Hydrogenation of partly epoxidised materials over 
Lindlar's catalyst, or over palladium-on-carbon as catalyst 
in the presence of pyridine, were not successful under a 
variety of experimental conditions. Wherever acetic acid 
w a s the solvent medium, some ring opening occurred, probably 
by formation of hjrdroxyacetoxy compounds. 
4 . Attempts at hydrogenation using a zirconium-stabilised 
nickel catalyst, hydrogenation at low temperatures and 
hydrogenation w i t h insufficient catalysts did not also 
yield the desired products. 
5 . The presence of complexing agents dxiring the hydrogenation 
of partly-epoxidised glycerides over palladium-on-carbon 
catalysts was next tried. Palladium chloride was ineffective 
as a double bond-complexing agent. Use of cuprous chloride 
led to the appearance of chlorine in the product. I'Jhen zinc 
chloride was present, unsaturation was retained but hydrogena-
tion of the epoxy ring was completely prevented, 
6 . The objective of hydrogenation of partly-epoxidised esters 
and glycerides to the corresponding monohydroxy unsaturated 
0 3 
products was attained by hydrogenation at 30 psi in ethanol 
or methanol mediim over palladium-on-carbon as catalyst 
for 15 hrs at room temperature in the presence of either 
silver nitrate or cupric nitrate. By this means therefore 
safflower and linseed (and indeed other oils) can be 
epoxidised to any desired degree, and then subjected to 
protective hydrogenation so as to retain all the residual 
unsaturation and convert epoxy into monohydroxy groups. 
For each unit of IV lost, approximately 2 units of HV 
will be created. 
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CHAPTER 4 
THE AUTQXIDATION-REDUCTION ROUTE 
4 . 1 The autoxidation of fats: background 
4.2 Hydroxy glycerides from safflower oil 
4.3 Hydroxy glycerides from linseed oil 
4.4 Conclusions 
I OS 
4 , 1 THE AUTOXIDATION OF FATS : BACKGROUND 
A . The hydroperoxide hypothesis 
1 2 
In 1942, Farmer & Sundralingam and Farmer published 
their results on autoxidation in olefinic systems, in which 
they showed that oxygen attack occurred on the o<.-methylenic 
hydrogen atom to yield unsaturated hydroperoxides! 
10 9 - CH - CH = CH -
02 
f 
- C H - CH = CH -
10 9 
+ CH2- CH a CH -
- CH - CH = CH - + - CH - CH = CH -
-sj 
OOH 
3 
According to Farmer e ^ resonance between the three carbon 
atoms occurs: 
, 1 2 3 1 2 . 3 
- C H - C H =: CH- and -CH = C H - CH-
There is an equal tendency for the hydroperoxide group to 
appear at the 1 and 3 positions, and such a shift in double 
4 
bond was later experimentally confirmed by Swern & coworkers . 
This double-bond shift often results in a new trans-double 
b o n d . In monoenes, such trails unsaturation corresponds to 90 % 
of the hydroperoxide formation^. In the free radical formed, 
the atoms probably lie in a plane providing maximum resonance 
e n e r g y . The radical could then have two isomeric forms: 
H H 
Addition of oxygen to carbon 1 of either I or II, or to carbon 
3 of I, would yield a cjLs-hydroperoxide. The formation of 
trans-hvdroperoxides implies that most of the radicals assume 
configuration II and add oxygen to carbon 3 . This preferred 
attack may be favoured by steric factors. 
The hydroperoxide theory also explains the further progress 
of oxidation through a free-radical concept. This involves 
the abstraction of hydrogen, either by alkyl or by alkylhydro-
peroxy free radicals, from new molecules thereby creating 
fresh free radicals. Once initiated therefore, the oxidation 
reaction can perpetuate itself till brought to a n end by union 
of two free radicals. Hence the term autoxidation. 
B . Products of autoxidation 
(a) Methyl oleate autoxidation: The hydroperoxide mechanism, 
involves hydrogen abstraction at the allylic position of the 
propene system to give a resonance hybrid of four valence bond 
structures as follows: 
10 9 8 
R - C H g - CE-r-. C H ^ g ? - ^ 
R - .CH«, OH ^ CH - CHp- R 
8 
R.CH2.CH = CH - CH - R 
R.CHp.CH - CH = CH - R 
10 
R.CH = CH - CH - CH2-. R 
9 
R.CH - CH = CH - CHo- R 
11 
Each of these would give rise to the corresponding hydroperoxide 
From methyl oleate, the four hydroperoxides formed would be the 
8 - , 9 - , 10- and ll-hydroperoxides. Farmer and Sutton® postu-
148 
lated their presence, but did not identify them. The first 
characterisation of oleate hydroperoxide was carried out by 
Ross & Coworkers'^. Later Slover and Dugan^ showed that equal 
amounts of 8 - , 9 - , 10- and 11-hydroperoxides are produced from 
methyl oleate oxidised during exposure to ultraviolet light. 
As we have seen, the autoxidation of monoenes induces a 
cis to trans~isomerisation of the double bond to yield the 
5 ' 
more stable trans-hydroperoxide .. All the four hydroperoxides 
9 
of methyl oleate carry almost exclusively trans.unsaturation . 
Direct experimental evidence^^ has shown that all the methyl 
oleate undergoes single attack in the chain before any 
significant amount of multiple attack occurs, 
(b) Methyl linoleate autoxidationa The rate of oxidation of 
methylene-interrupted polyunsaturated systems is twenty to 
forty times higher than that of monoethenoid systems. This 
is believed to be due to the activation of the single central 
methylene group by two adjacent double bonds. 
The mechanism for the autoxidation of linoleate based 
on Farmer's theory involves a homolytic abstraction of hydrogen 
from the pentadiene system to form a resonance hybrid of 
three valence bond structures as follows $ 
R - CH — CH C H — CH CH - R 
i 02 
11 
- CH = CH - C H - CH = C H -
13 C H - CH = CH - C H = CH « 
- C H = CH - CH = CH - B H ~ 
The hybrid radical reacts with oxygen preferentially at the 
end positions 9- and 13- of the resonating system^^. This is 
expected since the products would be resonance-stabilized by 
I H 
12 
a conjugated diene system . Furthermore, the hybrid radical 
would permit the conjugated system to be in either the cis^ 
trans? jyzans,j^aM? or f o r m s . 
Experimental evidence of several kinds has established 
that the conjugated linoleate hydroperoxides are mainly 
9-hydroperoxy, 10,12-diene and 13-hydroperoxy, 9,11 diene: 
(a) Bergstrom^^ hydrogenated the autoxidised linoleate, 
chromatographed the hydroxystearates on an alumina column 
and identified 9- or 13-hydroxystearates by comparison of 
melting points with synthetic standards. K h a n , Lundberg 
and Ho:t.man^^ have provided similar evidence. 
14 
(b) Sephton & Sutton isolated the hydroperoxides by 
countercurrent distribution and reverse-phase chromatography. 
The product was reduced to hydroxylinoleate isomers and the 
latter hydrogenated and separated by column chromatography 
into equal amounts of 9- and 13-hydroxystearates. 14 
(c) More direct evidence for the position of the hydro-
peroxide group was obtained by oxidation of the mixed hydroxy-
stearates with chromic a c i d , which cleaves on either side of 
the hydroxyl group. The fission products were identified 
as C g , C g , Cg and Cj^q monobasic acids, the products expected 
from 9- and 13-hydroxystearates. 
(d) The allylic position of the hydroperoxide group relative 
to the conjugated double bond system was demonstrated by 
dehydration of the hydroxylinoleate to triene conjugated 
products identified as a mixture of 8 - , 10-, 12-, and 9 - , 15 
11- and 13-octadecatrienoates . 
(e) Cannon e ^ ^ ^ and Privett & ooworkers^'^ isolated the 
mixed hydroperoxides in high purity by countercurrent distri-
bution. IR absorption spectra showed that the hydroperoxides 
S « 2 
assume the cjL^, trans and trans^trans configuration, the 
latter being more prevalent at high temperatures and levels 
18 
of autoxidation. Privett e i had earlier suggested that 
the diene conjugation observed, amounted to only 70 % of 
the degree of peroxidation, but this vras later shown to be 
an error caused by the use of too high an extinction co-
efficient value for the type of peroxy dienes actually 
formed. 
(c) Methyl linolenate autoxidation? A n analogous mechanism 
has been formulated for the autoxidation of methyl lino-
lenate. Since this ester contains two pentadiene systems 
(a) and (b), it will give tvfo hybrid radicals as follows: 
16 15 14 13 12 II lO 9 
R - C H = C H - C H 2 - C H = C H - C H 2 - C H = C H - R 
W 
Tb7 
- H 
16 14 12 13 It 9 
- C H - C H - C H - C H - - C H C H - - C H - C H -CH--^-CH -
h- 5- S' S- S' S-
0 2 j 0 2 
16 IS 14 13 12 II 10 9 16 IS 14 13 12 II lO 9 
R . C H = = C H - C H = C H - C H - C H - C H = C H - R R - C H = C H - C H - C H = C H - C H = C H - C H - R 
T • I 
O O H O O H 
16 IS 14 13 12 II 10 9 16 IS 14 13 12 II 10 9 
R . C H - C H = C H - C H = C H - C H - C H = C H - R R - C H = C H - C H - C H - C H = C H - C H = C H - R 
I I , . 
O O H O O H 
The occurrence of 9 - , 13-, 12- and 16-hydroperoxides indi-
cates that reaction with oxygen occurs exclusively at the 
3 
end positions of each resonance hybrid . These resonance 
hybrids, like in linoleate, would permit the conjugated 
diene system to assume either a cj^, trayis; trans, trans 
or £ i s , sis configuration. According to the above mechanism, 
3 
four isomeric hydroperoxides should be formed in equal amounts. 
The experimentally-observed preponderance^® of the 9- and 16-
f 
isomers could indicate that the 12- and 13-isomers are easily 
decomposed, 
o 20 
In autoxidation of methyl linolenate at 0 C , Privett ^ 
were able to show the presence of els.trans conjugated diene 
monomeric hydroperoxides to the extent of 60 % of that 
estimated from the peroxide value. The hydroperoxide group 
in the linolenate molecule w a s found to occur at the 9 - , 12-, 
13- and 16-carbon positions. Side reactions and other products 
would be more complex than in monoene or diene systems. 
C . Secondary products of autoxidation 
Hydroperoxides are the primary products of the reaction of 
oxygen with unsatiu'ated lipids. They are unstable and reactive, 
and secondary degradation products of lipid autoxidation are 
believed to be formed largely through hydroperoxide decomposi-
tion and reaction. The chart that follows shows in a general 
way the type of reactions and products obtained. 
Unsaturated fat 
f 
Fat hydroperoxide 
i; I 
Further P o l ^ e r i - Fission Dehydration QzEiMUjaZL-Ql 
oxidation sation i <1 double bond 
I, aldehydes, keto glycerides in another 
x i d e f " Poly^^rs semi-aide- m l e ^ 
hydroxy oo»,po«nds 
acids glycerides 
(a) Hydroperoxide reactions! Hydroperoxides are knovm to give 
iif, 
rise to short-chain aldehydes, ketones and alcohols. The 
21 22 
first step ' is visualized as decomposition to the alkoxy 
and hydroxy free radicals: 
R.CH(OOH)R > R.CH-R + OH* 
0* 
Chain fission can occur on either side of the alkoxyl radical 
to yield an aldehyde^^ and a new alkyl-type free radical: 
R_CH-R > R'. + RCHO 
0* 
The volatile aldehydes are believed to be primarily responsible 
for the characteristic off-flavours of oxidised or rancid 
f a t s . Further, their identity yields evidence of the location 
of the hydroperoxide group on the fatty acid c h a i n . 
Abstraction of hydrogen from another molecule can yield 
an alcohol and a new free radicals 
R-CH-R + R'H — ^ R-CH-R + R'* 
I . I 
0 OH 
Interaction of two free radicals yields non-radical products 
and leads to termination of the chain reaction: 
(a) R-(j;H-R + R » 0 ' > ^"y*^ 
0 * 0 
(b) R-CH-R + R ' ' ^ R-C-R + R'H 
i. • ' 
0 0 
Experimental evidence in support of the above reactions has 
been obtained from a study of oxidised lipids^"^. The formation 
pc ' 
of imsaturated ketones has been demonstrated by Ellis and 
K i n g 2 ® . ?7 
In 1958, Paquot" showed the formation of a hydroxy-epoxy 
compound which later rearrange55 to form a stable hydroxy ketone! 
11 3 
- C H G - C H = C H - ( J ; H - + 0 ^ - C H G - C H - ^ C H - C H -
OH 0 I OH 
-CHg-CHg.^j.CH -
0 OH 
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Fritsch & Deatherage postulated mechanisms of formation 
of yet other oxidation products of fatty hydroperoxides. A 
dihydroperoxide could be formed, which could dehydrate and 
rearrange to form an ozonide, or directly rearrange to give a 
hydroxy alkyl peroxide thuss 
R,CH2,(jIH»CH = C H - R ' ^ q^ 
OOH 
sw R - CH - CH - CH = CH - R ' 
^ 7 I I 
OOH OOH 
0 0 
/ \ 
R - C ^ ^ ^ C H - CH = CH - R ' + Ha^O 
Ozonide 
/ \ 
R - CH CH C H = CH - R ' 
OH OH 
Hydroxy alkyl peroxide 
2 9 
(b) Double bond reactions; Farmer e ^ jgi., postulated that the 
hydroperoxide, or its radical f o r m , can react with a double bond 
to form a n epoxide, and the presence of such epoxides has b e e n 
experimentally shown by Knight e X alf^ Paquot^^ suggested that 
addition of oxygen to the double bond linkage yields a cyclic 
peroxide, which then rearranges itself to give a more stable 
3 2 
epory compound . Addition of a water molecule would convert 
this into a dihydroxy compound: 
-CH2 - C H - C H - CH2 - C H g - C H - C H - C H 2 -
OH OH 
i 
Loury^^ has also discussed the origin of 9,10-dihydroxy-
stearic acid which has often been isolated following autoxida-
tion of oleic a c i d . Since it is never observed u n t i l after 
hydrolysis of the product, he suggested that the aldehydes 
formed during hydroperoxide decomposition may react w i t h cyclic 
peroxides forming a m o l e c u l e W the shapes 
CHg.CCHg),^.^ - CH-(CH2)7C00H 
H O X OH 
Subsequent hydrolysis of this y i e l d s dii^droxystearic a c i d . 
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Skellon and his coworkers ' observed a rapid loss of 
unsaturation at higher temperature. A n appreciable quantity 
of epoxy and dihydroxystearic acid derivatives were shown to I 
be f o r m e d , A mechanism was proposed whereby a free hydroxy 
r a d i c a l , generated by thermal homolytic fission of the initially-
formed hydroperoxides, would attadk a n ethenoid linkage: 
-CH2-CH = C H - CH2 ^ -CH2-CH - CH - CH2 
OH 
+ OH 
v ' 
-CH2 -CH - CH - CH2 < C H 2 -CH - CH - C H 2 
^ O ' ^ OH OH 
J^olymerisation products : Polymerisation is a m a j o r 
07 
reaction in autoxidizing l i p i d s . Holland ' in 1949 represented 
the general equation for propagation of free-radical forms 
of hydroperoxide, and termination of such chain-reactions 
by formation either of a polymer linked by carbon or by oxygen: 
^ R O O ' -F H ' R > R O O H + R ' " ' • R ' > R - R 
R O O H < . . , ^ o . 
^ R + 00H_ +O9. ^ ROO > ROOR 
H ? 
Ellis^®'^® suggested that two cxi, -unsaturated carbonyls 
derived from hydroperoxides condense to form substituted 
dihydrofurans s 
R ' - CH = CH - CO » R 
+ 
R - CO - C H = CH - R ' 
R ' - CHg - C - C ^ - R 
R - CO - C - ClT- R 
Thus in this product both C-C and C-O-C linkages occur. More 
30 
complex molecules can also arise as follows s 
-CH - CH = CH- + R.COOH -H2O ^ -CH - C H = C H -
OOH 00 COR 
-CH - CH = CH- ^ - CH - C ^ - ^ C H -
0 ® ® 0 - C 0 R O-COR ^ 
R»C00H - CH - C H - C H -
R C O - 0 0 OH 
R ' c i 
Undoubtedly the polymerization process is a complex one. 
Polymers occur in autoxidised fats as important products, and 
if in excessive amounts could affect the utilization of the 
products. 
D . Plan of work 
Natural fats contain several unsaturated fatty acids as 
triglycerides and the autoxidation pattern will be a composite 
o n e . Safflower oil, which was used in much of the work that 
follows, contains about 67 % linoleic and 26 % oleic acid, and 
in autoxidation the former pattern may tend to predominate. 
11 s 
In linseed oil, linolenic (55 linoleic (15 %)^ and oleic 
(15 % ) acids are all present, but the pattern of the predomi-
nant unsaturated acid, v i z . linolenic, m a y be expected. The 
first objective in the work was to achieve in these oils a 
fair degree of hydroperoxide formation without extensive 
side reactions, and with concurrent induction of some degree 
of conjugation. In the next step, the hydroperoxides were 
to be reduced to hydroxy glycerides as cleanly as possible. 
The resulting unsaturated hydroxy glycerides carrying 
conjugated diene and triene systems would be characterised, 
and a watch kept for the occurrence of large amounts of any 
secondary autoxidation products, such as aldehydes, ketones 
or polymers, which might militate against utilisation. 
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4,2 HYDRCKY GLYCERIDES FROM SAFFLOWER OIL 
To start w i t h , trials were made on the autoxidation of 
monoene and diene esters to establish working conditions. 
This w a s followed by a study of hydroperoxide development 
in safflower o i l . 
-Autoxidation of methyl oleate 
(a) Autoxidation at room temperatures 20 g of methyl oleate 
(IV 86.8) was taken in a boiling test-tube and air w a s blown 
in it through a submerged sintered filter stick at room 
temperature. The peroxide value after 6 h r , was only 11 u n i t s . 
(b) Autoxidation under irradiation; The experiment was repeated 
w i t h the fat irradiated with an ordinary 200 watt b u l b . The 
peroxide value after 6 h r . was 28 u n i t s . 
(c) Autoxidation under ultraviolet light? The ester w a s irradia-
ted with an ultraviolet lamp, and oxidation conducted as before. 
Samples were taken periodically for peroxide value (POV) 
determination: 
Duration of air-blowing, h r . POV 
Nil 5 
6 95 
12 177 
18 297 
24 417 
3 0 639 
A weak band at 12 p. for hydroperoxide w a s seen in the infrared 
spectrum of the final product. These general conditions were 
next tried with linoleate. 
B . Autoxidation of methyl linoleate 
(a) Autoxidation of methyl linoleate: 20 g of a methyl linoleate 
concentrate (IV 159.3) was taken in a test tube as before and 
2 0 
air was blown through it using a sintered stick, the complete 
set up being irradiated w i t h ultraviolet light. Peroxide 
analysis showed: 
Duration of air-blowing, hr« POV 
Nil 9 
6 1039 
12 2010 
4 weak band at 12 u for hydroperoxide, and at 10.36 ja. for 
tyans double bond, were seen in the infrared spectrum of the 
final product. 
Since the P0¥ of pure methyl linoleate hydroperoxide is 
6 1 4 5 , this product corresponds to about one-third of peroxi-
d a t i o n . The rate of peroxidation in methyl linoleate is 
about 10 times that of methyl oleate under the same conditions, 
A^toxidation of safflower oil 
(a) Oil extraction{ The safflower seed was crushed whole, and 
the crushed portion extracted with petroleum ether (40-60°) 
in a large Soxhlet extractor. The crude oil (FFA % ) 
was treated with 100 % excess of 2 0° Beaume* NaOH lye and 
stirred for 45 m i n . Hot water was added, stirring continued 
for 15 m i n . and the upper oil layer decanted and passed 
through dry filter paper. 
(b) Oxidation? 20 g of safflower oil thus refined was taken 
a s before in a large test tube and air was blown through it 
by way of a sintered stick a t room temperature while irradiat-
ing the system with ultraviolet light. The results of 
peroxide testing were as follows: 
Duration of alr-blowlng. h r . POV 
Nil 7 
6 67 
12 163 
18 974 
24 1454 
A band at 12 jx for hydroperoxide and at 10.36 ja for trans 
double bond was fo\md in the IR spectrum. 
The rate of peroxidation of safflower oil is about 
half-way between that of methyl oleate and methyl linoleate. 
A marked induction period, not seen in methyl esters, is 
here apparent. Thereafter the accumulation of peroxide upto 
the highest level attained in this experiment is essentially 
l i n e a r . 
D . Reduction of hydroperoxides 
The reduction of the hydroperoxide group to the corres-
ponding unsaturated secondary alcohol is a procedure that has 
often been used in the characterization of fat hydroperoxides. 
The reduction of peroxides has also been investigated because 
of their interference in many fat analytical procedures. 
Potassium iodide''', stannous chloride^^'^® and sodium 
39 
bisulphite have been most commonly used for this purpose. 
Other reducing agents include aluminium amalgam, sodium 
40 41 
sulphite, sodium borohydride and hydrogenation over 
4 2 
Lindlar catalyst . 
Potassium iodide in glacial acetic acid has been used in 
connection with the iodometric determination of peroxides, 
but the reduction with this agent is generally believed to 
be incomplete. Lundberg g i u i t ^ and Privett^® found that 
secondary acetylation occurred with this reagent. For the 
I " I Ui 
present preparative purposes, the presence of a large amoimt 
of iodine might also be a limitation. With sodium bisulphite, 
44 
Knight and Swern showed that some carboxyl groups were 
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invariably formed from reduction of peroxides. Pfivett 
showed that with sodium sulphite and sodium bisulphite, the 
reduction after 4 h r . and 12 h r . w a s still incomplete and a 
substantial decrease in diene conjugation occurred. Stannous 
chloride permits reduction without side reactions and change 
in diene conjugation, and this reagent has been used for 38 39 a 
quantitative determination of peroxide ' . Sodium boro-
hydride has been recently used to reduce linoleate hydro-
peroxide and yield alcohols free of carbonyls. Finally, 
Lindlar catalyst, which is a palladium-calcium carbonate cata-45 
lyst poisoned with lead acetate and quinoline , has been 
4 2 
used by Privett and Nickell to reduce oleate hydroperoxides. 
Reduction of methyl linoleate hydroperoxide 
The hjrdroperoxide was prepared by air-blowing of methyl 
linoleate under UV irradiation for 12 h r . to a POV of 2 0 1 0 . 
Various reduction procedures were examined. 
(i) Reduction of methyl linoleate hydroperoxide w i t h potassium 
iodide : To a solution of 5 g of the hydroperoxide in a mix-
ture of 100 ml of chloroform and 200 m l of glacial acetic acid 
was added a saturated solution of potassium iodide (20 g in 
15 ml of water) and the mixture was vigorously stirred for 
5 m i n . The solution turns dark red in colour. Saturated 
aqueous sodium sulphite solution w a s then added and stirring 
continued until the liberated iodine had been destroyed, w h e n 
the mixture was transferred to a separating funnel. The chloro-
form layer was drawn off, washed with 2 % aqueous potassium 
carbonate until neutral and dried to yield a brown oil liquid: 
HV 7 4 . 2 , PO? Nil, A V 2 . 4 . 
(ii) Reduction of methyl llnoleate hydroperoxide with stannous 
chloride^^: 5 g of methyl llnoleate hydroperoxide was taken in 
a three-necked flask and 2 to 5 times the calculated quantity 
of 0.5 % alcoholic solution of anhydrous stannous chloride 
was added at room temperature. The reaction was completed in 
about 2.5 h r . During the reduction, oxygen-free nitrogen was 
passed through the solution to prevent over-oxidation. The 
fat w a s taken up in ether solution and thoroughly w a s h e d , 
first with w a t e r , then with 50 % HCl to remove any stannous 
chloride, and again with water till free of a c i d . The isolated 
fat had: HV 76.9, POV Nil, A V 2 . 3 . 
(ill) Reduction of methvl llnoleate hydroperoxide w i t h sodium 
40 
borohydride : The reduction of a variety of peroxides w i t h 
lithium aluminium hydride has been shown to give excellent 
yields of the corresponding alcohols, but any ester or glyceride 
groups present are also reduced. Hence sodium borohydride, 
which leaves ester and unsaturation unattacked, w a s preferred. 
5 g of methyl llnoleate hydroperoxide in methanol was 
taken in a three-necked flask and added slowly over 2.5 h r . to 
a solution of an excess of sodium borohydride in methanol and 
the mass refluxed for one h r . on a water bath. The product 
was washed well with distilled water and dried over sodium 
sulphate: H V 88.9, POV Nil, AV 2 . 3 . 
The results are shown in Table 4 . 1 . All three reagents 
show satisfactory reduction of hydroperoxide group to h y d r o x y l . 
These reducing agents will also be used for the further 
studies on safflower and linseed oils, 
^>.2. Reduction of safflower oil hydroperoxide 
The sample of safflower oil hydroperoxide employed was 
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that with FOV 1454 earlier prepared by exposing the oil to 
oxygen under ultraviolet rays for 24 h r . 
(i) Reduction of safflower hydroperoxide with sodium borohydrlde: 
Following the procedure described earlier for reduction of 
methyl linoleate hydroperoxide, the product obtained had: 
HV 45.0, AV 3 . 4 , P0¥ N i l . The very low A V is noteworthy, 
as well as complete reduction of peroxides. 
(ii) Reduction of safflower hydroperoxide with stannous chloride; 
Following the procedure earlier described, the resulting pro-
ducts had: HV 42.4, POV Nil, A V 3 . 6 . 
(iii) Reduction of safflower hydroperoxide by hydrogenation 
over Lindlar's catalyst: 6 g of autoxidised safflower oil w a s 
taken in 50 m l of ether, 0.5 g of Lindlar's catalyst (prepared 
as described in Chapter 3.2) added and the mass shaken in an 
atmosphere of hydrogen for 5 h r . Finally the catalyst w a s 
filtered and the ether distilled: H V 4 5 . 5 , A V 3 . 6 . 
Table 4.2 shows the results of those reduction trials with 
the hydroperoxides derived from safflower oil. The procedures 
were also checked all the way for a sample of safflower oil 
autoxidised to an even higher d e g r e e . 
Preparation and reduction of more highly peroxidised 
safflower oil 
(a) Autoxidation: Safflower oil w a s autoxidised under ultra-
violet light as before at room temperature: 
Duration of air-blowing, h r . POV 
Nil 7 
8 56 
16 486 
24 1428 
32 1971 
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A graph of POV against time was linear upto a POV of 2 2 1 9 , but 
thereafter started bending over, showing greater breakdown 
than creation of peroxides beyond this level. A n even higher 
degree of peroxidation may therefore require special approaches, 
(b) Reduction; The safflower oil of POV 2219 w a s reduced with 
various reducing reagents. The reduction with Lindlar's cata-
lyst, stannous chloride, potassium iodide and sodium borohydride 
were done in the manner earlier described. The use of silver 
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nitrate for protection of unsaturation during hydrogenation 
of partially-epoxidised fat was described in Chapter 3 . 3 , and 
was also tried for the present purpose. 
Total and Wijs iodine values were also determined. The 
total iodine value was determined by the Rosenmund-JCOhnhenn 
47 
(RK) method . 0.1 mg of substance was accurately weighed 
into a 250 m l dry iodine value flask and dissolved in 5 m l of 
CCI4, Mercuric acetate solution (10 m l , 2.5 % ) is then 
pipetted out into the flask in a dark room of light intensity 
less than 0.5 ft candle. 60 ml of R K reagent was then pipetted 
out into the flask, swirling the latter continously. The flask 
was then stoppered and placed in dark for one h r . Thereafter 
16 % potassium iodide solution (30 m l ) w a s added, mixed w e l l 
and allowed to stand for a minute, and the liberated iodine 
titrated against standard thiosulphate to starch end point. 
Table 4.3 shows the results of reduction and characterisa-
tion trials. These show satisfactory reduction by Lindlar 
hydrogenation and stannous chloride or sodium borohydride reduc-
tion, With potassium iodide a drop in total iodine value is 
noticed. Hydrogenation in the presence of silver nitrate 
shows a considerable drop in iodine valuej this may be due to 
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incomplete complex formation of conjugated double bonds w i t h 
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Silver nitrate , resulting in their partial saturation. 
attempts to increase the degree of hvdroxylation 
Autoxidation under ultraviolet light and air-blowing gives 
a steady peroxide value increase to a value of about 2 0 0 0 , 
Thereafter the rate drops considerably indicating extensive 
side reactions. Attempts of various kinds to increase the 
peroxide build-up in safflower oil are now described. 
(a) Combined autoxidation-reduction* A n attempt was made to 
carry out the autoxidation and reduction in a single step by 
subjecting safflower oil to continuous air-blowing under 
ultraviolet irradiation in the presence of stannous chloride. 
The reaction was carried out for 24 h r . The product on 
working up showed no hydroxyl value, and was mostly unchanged 
safflower oil. 
(b) Stepwise peroxide 
development« The next attempt was to 
build up the hydroxyl value stepwise, Safflower oil w a s 
autoxidised to a peroxide value of 1161, and this product was 
reduced with stannous chloride to yield a glyceride of H¥ 
42.8, A V 3 . 4 , This hydroxylated oil was again autoxidised with 
some difficulty to a peroxide value of 1120, and the latter 
again reduced: HV 3 8 . 4 , AV 4 , 8 , The final product was dark 
in colour and very viscous (absolute viscosity 17,6 poises/ 
25°C, np® 1,4851). The HV has thus actually gone down 
during the second autoxidation-reduction. 
These experiments suggest that hydroxy glycerides are 
difficult to peroxidise further. This is also true of castor AO 4Q Oil in which peroxide development hardly exceeds 15-30, 
A l s o , fiirther autoxidation results in considerable thickening 
and darkening. It has been suggested that hydroperoxy free 
radicals stabilise themselves by attacking a hydrogen atom 
from another molecule. 
- CH - + - CH > - CH 
I . I I 
00 OH 0 0 0 
- CH--
Such links by way of oxygen are known to result in an increase 
i n viscosity, as in the 'bodying' of oils by air-blowing. Thus 
hydroxy glycerides once formed are difficult to autoxidise 
any further. Autoxidation after blocking of the hydroxy 
group was next attempted, 
(c) Stepwise peroxide development using a blocking agent: Methyl 
linoleate was first autoxidised with air at 10°C in presence 
of ultraviolet light to a peroxide value of 2 0 0 0 , and this 
product was reduced with stannous chloride to yield a hydroxy 
ester of H V 70.0, A V 3 . 8 , which was used in subsequent w o r k , 
(i) Blocking the hvdroxyl group w i t h dihydropvrani 0.1 mole 
of hydroxylated methyl linoleate and 0.25 moles of dihydro-
pyran (distilled) werd taken in a three-necked flask fitted 
with a mechanical stirring device, water condenser and dropping 
funnel, both the latter guarded w i t h C a C l 2 . A small quantity 
(2-3 drops) of conc.HCl was added to catalyse the reaction. 
The contents of the flask were left overnight and excess 
pyridine then added to neutralise any HCl l e f t . The excess 
dihydropyran (b.p.86-90°C/760 m m ) and pyridine (b.p.ll5-116°C/ 
760 m m ) were removed by distillation from a warm water bath 
at reduced pressure. The residue w a s extracted with light 
petroleum to remove the unconverted hydroxy linoleate. The 
product was next taken u p in ether and slightly cooled with 
ice to induce crystallisation of the pyridine hydrochloride. 
The precipitated hydrochloride w a s separated and the ether 
solution washed with distilled water and dried ifl vg.cuo to 
give the pyranyl ether of the hydroxy ester, 
(ii) Autoxidation of blocked product: Oxidation w a s carried 
under the same conditions used previously and a POV of 1000 
was developed in 4 d a y s . Afl:er reduction with stannous 
chloride, the product obtained was treated w i t h 2N H2SO4 at 
0°C for 6 m i n . to remove dihydropyran, then washed free of 
acid and dried over sodium sulphate: H V 3 8 . 6 , AV 12.8. 
This HV corresponds only to the hydroperoxide (POV 1000) 
developed during the second autoxidation-reduction. The 
hydroxyl group which was originally blocked has clearly been 
lost by some side reactions. 
(d) Autoxidation in presence of silver nitrates A t high 
peroxide values, hydroperoxides react with double bonds to give 
epoxy and hydroxy products. Silver nitrate protects isolated 
double bonds by pi-complex formation, and such blocking could 
perhaps result in the development of higher peroxide values. 
Safflower oil (10 g) and silver nitrate (4.8 g) dissolved 
in 20 ml of ethanol, were taken in a tube and air was bubbled 
through in presence of ultraviolet light at 10°C. A POV 
maximum of 840 was obtained in 40 h r . after which a reduction 
in value occurred (POVs were determined after breaking the 
silver complex with H C l ) . The product after 24 h r . was very 
viscous and had: H V 10.2, A V 3 . 2 . Thus ni-complexing the 
double bond leads to reduced hydroperoxidation and to cross-
linking reactions. 
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Attempts to increase the degree of hydr©peroxidation of 
safflower oil were not further pursued, 
^^^aracterisatlon of hydroxy glyceride derived from 
safflower oil 
50 
(a) Estimation of carbonyl groups in autoxidised products*^^: 
During the process of autoxidation, short-chain aldehydes 
and ketones are produced by hydroperoxide breakdown. A number 
of analytical procedures are available for the determination 
of such carbonyls. The amount of carbonyl oxygen present 
had earlier been quantitatively determined using hydroxylamine 
hydrochloride by estimating either the amount of unreacted 
hydroxylamine®^'®^, or the amount of water formed during the 
reaction®^, or the hydrochloric acid liberated®^"^®. Lappin 
and Clark^® described a procediire w h i c h employs 2,4-dinitro-
phenyl hydrazine for determining traces of carbonyl in aqueous 
or alcoholic solutions. This method with some mod.ifications 
was also employed by Henick g i alf^ for the determination of 
carbonyls in rancid fats and foods. 
These analytical procedures have not been found reliable 
for the quantitative determination of carbonyl oxygen in 
thermally-oxidised fats because of their limited solubility in 
all but a few solvents. For the present w o r k , a<method 
50 
described by Bhalerao ejt ^ for determining the carbonyl 
content of thermally-oxidized fats, using hydroxylamine hydro-
chloride as a reagent and ji-octyl alcohol as solvent, was used, 
Procedure; One gram of the autoxidised-reduced sample of 
safflower oil of HV 76 (described in Table 4 . 3 ) was weighed 
into a 250 m l erlenmeyer flask and warmed to solution w i t h 
50 m l of pyridine-octyl alcohol solvent pipetted i n . 50 m l 
3 0 
of hydroxylamine hydrochloride reagent was' then added with 
a pipette and the reactants left in the dark for 24 h r . at 
room temperature. A blank determination was carried out. 
After 24 h r . , 10 m l of 95 % carbonyl-free ethyl alcohol was 
added. The pH of the blank was recorded. The reaction 
mixture containing the fat sample was then potentiometrically 
titrated against standard 0.5 N NaOH solution ffom a 10 m l 
burette. The alkali w a s added until the pH of the solution 
was identical with that of the blank. 
The reduced safflower oil of HV 76 showed a carbonyl 
content of 571 m g A g . "^his amounts to 0.057 % of the fat 
taken, or 1.7 ^ of the hydroperoxide forjned. There is thus 
little hydroperoxide breakdown during the autoxidation and 
reduction procedures employed. Chances of formation of other 
secondary products, such as polymers, are therefore even 
more remote. 
(b) Estimation of d-iene conjugation: Diene conjugation was 
estimated from the ultraviolet absorption of the product at 
about 232 mju. 
A sample of safflower oil autoxidised at room temperature 
under ultraviolet irradiation, and reduced with stannous 
chloride to HV 7 2 . 6 , showed a diene conjugation of 10.2 
In pure linoleate under mild conditions of oxidation, at least 
two-thirds of the hydroperoxide products are conjugated dienes. 
Since the present product contains over 30 % of hydroperoxide, 
the low degree of conjugation suggests an undesirable autoxida-
tion pattern at room temperature. 
Accordingly the autoxidation of safflower oil was carried 
out at 0-5®C using UV illumination under the earlier conditions: 
Duration of exposure^ h r . E Q V 
Nil 7 
8 238 
16 663 
24 797 
32 1069 
40 1387 
48 1700 
66 1930 
is 
The rate of autoxidation, as Is to be expected,^about 30 % 
at 0-5®C than at room temperature. The final peroxide level 
is similar to that earlier achieved. The colour of the 
product was golden y e l l o w . The above sample on reduction 
with stannous chloride yielded: HV 6 8 . 5 , M 3 , 6 , POV Nil. 
Absorption at 232 m p showed a diene conjugation of 18.6 
which is satisfactory in relation to the peroxide and hydroxyl 
value. Hence low-temperature autoxidation is desirable for a 
higher degree of diene conjugation in the final hydroxy 
product. 
(c) Concentration of hydroxy glycerides by countercurrent 
distribution: A n attempt was made to separate the same hydroge-
nated oil (HV 58.5) into h37droxy-rich and hydroxy-poor portions C "I /*• rt 
by the Gunstone partition procedure ' between light petro-
leum and 80 $ methanol described in Chapter 2 , 3 . Only a 
very small proportion of the oil passed into the methanol< 
layer, showing clearly that none of the glycerides contain a 
high proportion of hydroxy groups, which are scattered freely 
among the fatty acid radicals. The hydroxy groups are perhaps 
present mostly as monohydroxy triglycerides. 
In conclusion, it is possible by suitable autoxidation 
of safflower oil, followed by reduction of hydroperoxide to 
hydroxy groups with stannous chloride, to obtain gl.ycerif^es of 
t ' I i-j 
low A V , HV 76, and IV 122 carrying about 18 % conjugated 
d i e n e . 
4.3 HYDROXY GLYCERIDES FROM LINSEED OIL 
A s mentioned in Section 4 . 1 , the autoxidation of methyl 
linolenate leads to formation of about 60 % of monomeric 
(gjjg, tran§-conjugated diene monohydroperoxides, with the 
hydroperoxy group mainly at the 9- and 16-positlons and also 
20 
at the 12- and 13-positions . Side reactions would take 
place more eatily and be more complex than with monoenes and 
d i e n e s . Linseed oil contains about 55 % of linolenic acid 
and 15 % each of linoleic and oleic acids, and the build-up 
of hydroperoxides and their reduction to hydroxy groups would 
require experimental study. 
(a) Autoxidation of refined linseed oil: This was carried out 
as before by blowing oxygen through the oil using a sintered 
filtered stick while irradiating the oil at room temperature 
with ultraviolet light. After 24 h r . , only a very low POV 
of 103 had developed in the oil, which was a commercial, 
probably acid-refined, material. 
(b) Autoxidation of bleached linseed oils Suspecting a block 
to autoxidation, the linseed oil used above was bleached with 
4 ^ of acid-activated earth at 70°C, and the oil filtered h o t . 
The oil so obtained w a s autoxidised at room temperature. 
Duration of exposure, h r . m 
Nil 2 
8 101 
16 228 
24 4 4 0 
32 575 
4 0 741 
48 808 
56 920 
The rate of oxidation was very low, and after exposing for 
4 0 h r . , the product became very viscous. So autoxidation w a s 
t 
tried again at lower temperatures. 
(c) Reduction of autoxldlsed linseed oil with stannous 
18 
chloride : Employing the same working procedure as was used 
for reducing autoxidised safflower oil, the product obtained 
was brown in colours HV 3 2 . 8 , A V 2 . 8 . 
(d) Autoxidation of bleached linseed oil at 5~10°C: Autoxida-
tion was carried out as described previously by blowing in 
oxygen under ultraviolet irradiation below 10°C: 
Duration of exposure, h r . POV 
Nil 5 
8 118 
16 640 
24 658 
32 842 
(®) Reduction; The above autoxidised linseed oil was reduced 
with stannous chloride; the resulting product had H V 2 5 . 2 , 
AV 1 . 9 . 
(f) Oxidation as above was continued to a higher level of 
peroxide value: 
Duration of exposure, h r . POV 
Nil 5 ' 
8 129 
16 691 
24 670 
32 876 
40 1094 
4 8 1343 
66 1840 
The autoxidation pattern above this level of peroxide value 
fell off from linearity, showing secondary reactions. 
(g) Reduction of the above autoxidised linseed oil with 
various reducing agents is shown in Table 4 . 4 . 
Examination of the ultraviolet absorption indicated 
16 ^ conjugated diene (233 m p ) and 3 ^ conjugated triene 
(270 m p ) . 
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Thus autoxidation of linseed oil at low temperatures, 
followed by reduction of hydroperoxide to hydroxyl groups, 
gives a product in which total unsatiiration is unaltered, 
having a HV of 60 and carrying 16 $ and 3 ^ of conjugated 
diene and triene respectively. 
4.4 CONCLUSIONS 
1 . Autoxldation of methyl llnoleate to a POV 2010 could be 
carried out essentially linearly, showing that side reactions 
were probably not extensive. Since the POV of the pure 
hjrdroperoxide is 6146, "the product corresponds to about 
one-third of peroxidation. 
2 . Autoxidation of safflower oil under ultraviolet radiation 
to a POV of 2 2 0 0 , followed by easy^reduction of hydroperoxide 
to hydroxy groups with stannous chloride, yielded a product 
of HV 8 0 , AV 3 . 6 , IV (total) 122, conj.diene 20 Autoxida-
tion at 0-6®C gave a hightrdegree of conjugation than at room 
temperature. 
3 . Attempts to concentrate hydroxy glycerides by partitioning 
the total product between 80 per cent methanol and light petro-
leum gave very little alcohol-solubles, suggesting that the 
single hydroxy groups introduced were widely distributed. 
4 . Various attempts were made without success to increase 
the degree of initial peroxidation? 
a) Blocking the hydroxy group of a product of HV 70 with 
dihydropyran, followed by further autoxidation, yielded pro-
I 
ducts of even lower HV than started w i t h . 
b) Autoxidation of safflower oil in presence of silver 
nitrate (as a ^ - b o n d i n g agent with the intention of prevent-
ing double-bond reactions), yielded a maximum POV of 840; 
further autoxidation, and stannous chloride reduction, gave 
a viscous product of very low HV (10.2), showing cross-
linking . 
5 . Autoxidation of a commercial, probably acid-refined, 
linseed oil did not proceed till the oil had first been bleached 
137 
with a n acidic earth. Autoxidation thereafter at lovr tempera-
ttires, followed by reduction of hydroperoxide to hydroxyl 
groups, gave a product w i t h HV 5 0 , unaltered total I V , 16 % 
conjugated diene and 3 % conjugated triene respectively. 
6 . Hence limited hyd.roxylation of safflower and linseed oils 
to HVs of 80 and 60 respectively, accompanied by about 20 % 
diene conjugation in the former, and 15 % diene plus 3 % 
! 
triene conjugation in the latter, with negligible loss of 
total unsaturation in either instance, is easily possible by 
this comparatively simple and inexpensive procedure of 
autoxidation and reduction. 
8 
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C H A P T E R 5 
HEDRCKYLATION THROUGH BRa4INATI0W W I T H 
N-BROMOSUCCINIMIDE 
5.1 Background 
5.2 NBS bromination and bromine replacement 
with hydroxyl 
5.3 Concl-usions 
H I 
6.1 BACKGROUND 
k , Allvllc bromlnation of fattv materials 
The use of N-bromoacetamide as an agent for allylic 
bromlnation w a s first reported by Wohl^ in 1 9 1 9 . Hov/ever, 
p 
it was not until 1942 that Ziegler and coworkers published 
the results of their detailed studies on the application of 
N-bromosuccinlmide or NBS for allylic bromlnation. The 
Wohl-Ziegler reaction shows several of the characteristics 3 
of a free-radical mechanism . It is catalysed by ultraviolet 
4 c 
light and by the addition of peroxides", and the point of 
attack generally is the same as that of other reagents that 
are believed to react through free radicals. A n extensive Q 
review has been published by Djerassi . The reactions and 
7 
use of NBS were reviewed in 1951 , and more recently an 
excellent survey of the chemistry of this compound has 
g 
been published . 
One difficulty in carrying out mechanistic studies on 
NBS reactions is that kinetic studies are extraordinarily ' 
difficult. As usually conducted, NBS brominations are hetero-
t 
geneous reactions due to the low solubility of NBS in 
organic solvents, and even in homogeneous systems reproduciljfe 
rates are very difficult to achieve®, in part at least because 
of the extreme sensitivity of the reaction to a whole variety 
Q 1Q 
of possible impurities • . 
In heterogeneous NBS reactions, rearrangement of the 
'allylic bromides' formed gives rise to two types of secondary 
reactions. The first type consists of an allylic rearrange-
ment^^'^^ accelerated by the tendency to conjugate with possible 
142 
neighbouring multiple bonds. Olefins containing terminal 
double bonds and diolefins with isolated double bonds are 
TO 1 Si 
particularly vulnerable to this effecf^*^""^®. The introduc-
tion of a second bromine atom following an allylic rearrange-
m e n t is greatly facilitated by the presence of an excess of 
N B S : \ / I I 
C = C ^ Br - C - C 
^ ^ C H - CH2.R ' " ^ C H - C H g - R 
Br 
\ / I I / 
C = C > Br - C - C , R'=C=C , - C ^ C -
/ \ ^ I SS ' N ' 
CH - R ' CH-R' 
I 
- C = N, ^ C O , CgHs e t c . 
The second type of side reaction consists in the elimination 
of hydrogen bromide from the rearranged 'allyl bromides'. 
This elimination occurs more readily when further conjugation 
19 
of double bonds or aromatization results . The HBr formed 
20 
abstracts bromine from NBS and the halogen immediately adds 
to the alkene produced or the still-unreacted starting olefins. 
3f the temperature of the H B y elimination is not substantially 
higher than that of allyl bromide formation, this reaction 
proceeds quantitatively, and two end-products invariably 
result: the higher olefin or aromatic compound, and the 
bromine-addition compound (ratio 1:1). The two side-reactions 
are very frequently encountered; low reaction temperature and 
effective activation keep them in check but cannot obviate 
them entirely^^'^^'^^. 
2 
2iegler et mentioned that methyl oleate easily formed 
an unstable monobromide when refluxed for 40 m i n . in carbon 
oo 
tetrachloride with one molecule of NBS. Later Teeter and 
24 
Sutton and Dutta ^ have investigated the brominatlon of scane 
unsaturated fatty acids with this reagent. By studying the 
reaction with methyl oleate, they concluded that substitution 
of bromine for hydrogen took place on both sides of the 
double bond giving 8- and 11-monobromo-oleates together with 
small quantities of dibromo esters. In agreement with 
Schmid and Lehmann^*^ and Clemo and Stevens^®, Nanavati et ai?^ 
also infer from their studies on the ozonolysis of the 
dehydrobrominated products that bromination with NBS generally 
occurs on the allylic CH2 group distant from the carboxylic 
g r o u p . 
28 
Bergstrom & Hansson reacted methyl linoleate w i t h 
NBS in ultraviolet light and reported the formation of 
conjugated diene during bromination as a result of the 
tautomerism of the double bond grouping in a free-radical 
system. The bromination of methyl linoleate with NBS would 
give rise to an intermediate radical II identical with 
that postulated to occur in the autoxidation of this type 
of unsaturated fatty acids according to Farmer's theory 
of autoxidation^®»^^, as described in Chapter 4 . 
R.CH CH.CHg.CH = CH.-R' I 
\ - H 
R-CH = CH-CH-CH = CH-R» II 
I 
R-CK = CII-CH = CH-CH-R' III 
R-CH-CH = C H - C H = CH-R« IV 
187 3 
This radical is formed by the removal of the hydrogen 
atom from carbon atom 11 and can be assumed to be a 
resonance hydrid with the three contributing structures, 
I I , III, IV of which two have conjugated double b o n d s . 
The reaction of the free radical w i t h a bromine atom 
from NBS would result in the formation of a mixture of 
bromides of w h i c h a certain proportion would have 
conjugated double bonds. 
3 1 
According to Dulong et §1, the presence of excess 
NBS prevents triene formation. After all the NBS is used 
u p , triene formation quickly increases. The brominated 
allyl product, in presence of triene, very easily gives 
u p H B r , and this HBr reacts with NBS to give bromine 
which reacts with triene to give dibromo (1,2- or 1,6-) 
d i e n e . Side-product formation during NBS addition and 
replacement of Br to OH group, has been represented as 
given below! 
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32 
Nanavati e i reported the allylic bromination of methyl 
esters of oleic, petroselinic, erucic, stearolic and behenolic 
acids with NBS, and the NBS reaction in equimolar quantities 
on mustard, peanut, olive, karanja, n e e m , tobaccoseed and 
oo 
safflower oils. Recently Jovtscheff & Coworkers used 
NBS for the estimation of total iodine value in elaeostearic 
acid and tung oil. 
B , Replacement of bromine w i t h hydroxyl group 
Replacement of halide, especially iodine or bromine, 
w i t h hydroxyl group had been frequently achieved using silver 
34 
salts. Naudet §t tried replacement of bromine with 
silver acetate in glacial acetic acid at 40°C. These workers 
carried out allylic bromination of methyl oleate using NBS 
and replacement with silver acetate gave a product having 
25 % each of 8 - , 9 - , 10- and 11-hydroxy compounds. Similarly 
with linoleate they obtain 60 ^ of A -8,11-dihydroxy, 
25 % ^^ -9,12-dihydroxy and 25 % ^ - T , 1 0 - d i h y d r o x y 
products. Several other workers * have used silver acetate 
for replacement of halogen. 
Morris^"^ reported cij hydroxylation of methyl oleate 
using silver nitrate, iodine and acetonitrile. A n interme-
diate dinitrate was isolated and converted into a cis-glycol 
by refluxing with zinc and iron powder in glacial acetic 
38 
acid . Experiments in w e t and dry solvent each gave the 
product of cis-hydroxylation only, Bevan & cowerkers^®''^^ 
prepared glycol monoesters of fatty acids by refluxing iodo-
ethyl palmitate w i t h silver nitrite in ethanol. 
Silver oxide^^ can also be used for the replacement 
reaction. A suspension of silver oxide in water has a distinct 
1/ifi 
alkaline reaction. If the silver ions present in the solu-
tion of silver oxide are removed by reaction with halide 
ions, more silver oxide must pass into solution in order to 
maintain equilibrium, and the solution becomes strongly 
enriched in hydroxyl i o n s . This property of exchanging 
halide ions (or other ions forming insoluble silver compounds) 
for hydroxyl ions is often utilized in preparative chemistry. 
Silver oxide prepared for this purpose is customarily stored 
iinder water, since the preparation if once dried is not 
readily wetted again. 
42 
Naudet et prepared monounsaturated hydroxy fatty 
acids by hydrolysis of unsaturated acids brominated in the 
allylic position, with 2M sodium bicarbonate at 100°C for 
2 h r . in 83 ^ y i e l d s . Using sodium bicarbonate in tetra-
hydrofuran under pressure, they were able to replace 
bromine with a hydroxyl group in esters and nitriles; the 
terminal functional group was not affected. 
3 1 
Dulong& coworkers carried out bromination of methyl 
linoleate using WBS, and replacement of bromine with silver 
nitrate in methanol and nitric acid. The various side 
products wcwealso characterised, and their formation 
explained, as earlier described. Removal of bromine using 
silver nitrate in methanol gave a product with high absorp-
tion at 232 mju and very little at 270 m ^ . When silver 
nitrate in petroleum ether was employed, high triene 
conjugation and low diene were observed. W h e n replacement 
of bromine with hydroxyl w a s carried out with silver 
nitrate, methanol and nitric acid, and the resulting product 
separated by countercurrent distribution, very little 
dihydroxy product was obtained. The IR spectrum of the mono-
hydroxy fraction showed OH bajnd at 2.9 ja and also a cis 
epoxide in conjugation with the conjugated diene system at 
11.7 p . Products of NBS reaction at had more dihydroxy 
compounds. Residual non-allylic bromine on replacement w i t h 
AgNOs and nitric acid at 65°C gave dialkyl ethers, shown 
by an IR absorption band at 9.2 ju. 
Thus the following precautions should be followed 
during NBS addition and replacement studies. A n excess of 
NBS must be taken, since in the presence of unreacted NBS, 
the amount of triene compound formation is very small. 
During replacement of bromine with hydroxyl using silver 
nitrate, use of methanol or ethanol prevents triene formation. 
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5.2 NBS BROMINATION AND BROMINE. REPIACEMENT W I T H HYDROXYL 
In the present w o r k , test trials were first made of 
the reaction of methyl oleate and linoleate w i t h N B S , There-
after safflower oil w a s similarly brominated with NBS to a 
high degree. A careful study was then made of the replacement 
of Br in the products with hydroxyl under a variety of condi-
tions. Some of these procedures led to unexpectedly high 
degrees of conjugation by HBr removal. 
I . Bromination of methyl esters with NBS 
pc 
(a) NBS bromination of methyl oleate : k 500 m l , three-necked 
flask was employed, equipped with a mercury-seal stirrer, a 
condenser with guard tube, and an inlet for dry nitrogen gas. 
To a solution of methyl oleate (30 g , 0.1 m o l e ) in carbon 
tetrachloride (150 m l ) was added NBS (18 g , 0.1 m o l e ) and 
benzoyl peroxide (0.6 g). The reaction mixture w a s stirred 
under nitrogen and heated gradually to 70°C. After the exo-
thermic reaction had subsided, the mass was refluxed for 
1.5 h r . Filtration of the organic solution removed succinimide 
and unreacted NBS from the solution, which was then worked up 
to give brominated methyl oleate: % Br 10.8, calc.for oleate 
monobromide 21.3 
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(b) NBS bromination of methyl linoleate s To a solution of 
methyl oleate (30 g ) in carbon tetrachloride (200 m l ) was added 
NBS (23 g) and benzoyl peroxide (0.8 g ) . The reaction mixture 
was stirred under nitrogen and heated gradually to 70°C and 
refluxed for 1.5 h r . The material was worked up as described 
above: % Br 15.8, c a l c . for linoleate monobromide 2 1 . 4 . This 
has proceeded better than oleate bromination. 
I I . Bromlnation of safflower oil 
(a) NBS bromination of safflovrer oil : Bromlnation of safflower 
oil (30 g) was carried out with NBS (25 g) in carbon tetra-
chloride (200 m l ) in presence of benzoyl peroxide (0.8 g). 
After reaction for 1.5 h r . at 70°C, the succinimide was 
filtered off, the solvent removed under reduced pressure at 
36®C, the residue twice d i s S ^ W e d in a little cyclohexane and 
again taken to dryness. The substance was then dissolved in 
ether, and washed with a buffered solution of pH 7 and then 
w i t h w a t e r . The ether solution w a s dried with anhydrous 
sodium sulphate and the fatty material isolated: fo Br 17.8, 
c a l c . for methyl linoleate 21.4. 
(b) NBS bromination of safflower oil under ultraviolet light; 
30 g of safflower oil was taken in a 3-necked flask equipped 
as earlier described, dissolved in 250 m l of carbon tetra-
chloride and 23 g of NBS added. The complete set up was exposed 
to a mercury-arc lamp and the contents refluxed at 70*^C with 
stirring for 0.5 h r . After the reaction, the contents of the 
flask were cooled, the succinimide filtered off, and the 
fatty matter worked up as above: $ Br 2 0 . 0 , calc.for methyl 
linoleate 2 1 . 4 . 
Allylic bromination with NBS thus proceeds rapidly under 
ultraviolet illumination, and a high bromine content is built 
u p in 30 m i n s . o n l y . 
I I I . Replacement of bromine with hydroxyl group 
(a) Replacement using silver acetate in acetic acid 
i) Preparation of silver acetate^^r 20.8 g of potassium 
acctate was dissolved in 76 m l of water and slowly added with 
stirring to a solution of silver nitrate (32.8 g in 75 m l water), 
150 
After 16 m i n . the precipitate was filtered, washed with cold 
water and then with acetic a c i d , and d r i e d . 
(ii) Treatment of "brominated methvl oleate and linoleate with 
silver acetatl^; 1 m o l of bromocompound in 5 parts of acetic 
acid (homogeneous solution) and 1.2 moles of silver acetate 
(per atom of labile Br) was taken in the cold, and stirring 
continued for 1.5 h r . a t 4 5 ® C . Precipitated silver bromide 
w a s filtered, the filtrate reduced in volume to one-fourth 
under water vacuiam at 50°C and diluted with a large volume of 
w a t e r . The fatty material was extracted w i t h large volumes 
of petroleum ether. The results are given below: 
Material used % Br After silver acetate treatment 
IV(Wijs) HV AV 
Brominated methyl 
oleate 10.2 79 34 12.8 
Brominated methyl 
linoleate 15.8 156 58 18.1 
Replacement of bromine by hydroxyl appears to be incomplete 
in these limited trials. A useful rough index is the creation 
of 9 units of HV for every one % of Br replaced. 
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(b) Replacement of bromine with hydroxyl using silver nitrate i 
To 5 g of.brominated safflower oil {% Br 20.0) added 10 m l of 
acetone to make a homogeneous solution, then added 75 ml of 
methanol and 4.8 g of silver nitrate. One m l of nitric acid 
was added and stirring continued for 5 h r . at 6 0 ® C . The preci-
pitated AgBr was filtered off, and the fat extracted \fith 
ether, washed with 5 % HCl and then freed of mineral acid 
and dried: HV 88.0, A V 2 2 . 0 , % Br 7.0 (residual), % conj.diene 
17, % conj.triene 2 . Replacement is satisfactory, but not 
complete. The AV is h i g h . 
5i 
(c) Replacement of bromine w i t h hydroxyl using silver oxide 
(I)' Preparation of silver oxlde^*^: 150 g (0.88 m o l ) of sliver 
nitrate was dissolved In 300 ml of w a t e r . To It was added 
a solution of sodium hydroxide (70 g, in 300 m l water, 1.75 M ) 
slowly with continuous stirring to ensure complete reaction. 
The resulting brown precipitate w a s washed several times 
with distilled water until free of alkali. 
(II) 2 g of brominated safflower oil Br 20.0) was taken in 
20 ml of ether and to this w a s added 2.1 g of silver oxide 
and 75 ml of water, followed by refluxing for 4 h r . After 
working u p , the product formed a thin film, indicative of 
drying properties probably induced by dehydrobromination and 
resulting high conjugation. 
(iii) 5 g of brominated safflower oil {% Br 20.0) w a s taken 
in 75 ml of 50 $ dioxan (aqueous), and to it was added 6.5 g 
of silver oxide, followed by stirring at room temperature 
for 5 h r . The silver bromide precipitated w a s filtered off, 
and the fat worked up with ether: HV 100, A V 8.0, ^ Br Nil, 
% conj.diene 18, $ conj.triene N i l . Replacement is complete 
but conversion to hydroxyl l o w . IR spectrum shows a distinct 
peak at 1100 cm"^ which is attributed to dialkyl ether^^ 
(Fig.5.1). 
(d) Replacement of bromine with hydroxyl using silver nitrite 
(i) Preparation of s i l v e r ' n i t r i t e ^ ; To a solution of silver 
nitrate, a solution containing 25 % excess of potassium nitrite 
was added; the precipitated silver nitrite was allowed to 
settle, the supernatant liquid then decanted off and the 
crystals washed several times with cold w a t e r . These crystals 
were then recrystallised twice from hot distilled w a t e r , and 
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finally dried between two filter paper circles. The crystals 
are pale yellow in colour, and were used f r e s h . 
(ii) 6 g of brominated safflower oil Br 20.0) was taken 
in 75 m l of 95 % ethanol and 3 ml of w a t e r . 6.5 g of silver 
oq 
nitrite was added and the mass stirred for 5 h r . at room 
temperature. The silver bromide precipitated was filtered, 
washed with 2 % HGl solution to remove any silver present 
and then washed free of mineral acid and dried! HV 9 8 , 
k l 12.5, $ Br 2.8 (residual), % conj ..diene 1 9 . 9 , % conj. 
triene 2.8. Replacement is neither complete nor satisfactory. 
A n attempt was next made to see if any residual bromine can 
be replaced with hydrogen by refluxing w i t h Zn-amalgam in 
glacial acetic acid. 
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(iii) Preparation of Zn-amalgam : A mixture of 200 g of 
zinc wool, 15 g of mercuric chloride, 10 m l of concentrated 
hydrochloric acid and 250 m l of water was stirred for 5 m i n . 
The aqueous solution w a s decanted, and the amalgamated zinc 
^as covered with 150 m l of water, washed repeatedly and then 
stored in glacial acetic acid. 
(iv) Replacement of residual bromine with hydrogen'^^; 5 g 
of the above hydroxylated safflower oil (residual Br 2.8 %) 
was dissolved in 180 m l of glacial acetic acid and 28 g of r-
amalgamated zinc was added. The mixture was refluxed for 
6 h r . The solution w a s cooled, filtered, diluted with water 
and worked up with ether: HV 95, A V 2 8 . 0 , % Br Nil, % conj. 
diene 19, % conj*.triene 2 . 0 . Thus Br can be replaced fully 
by hydrogen without loss of HV or of unsaturation, though some 
A V is developed. 
(e) Replacement of bromine with hydroxyl using sodium bicar-
42 ^ 
bonate : 5 g of brominated safflower oil {% Br 20.0) was taken 
in 35 ml of tetrahydrofuran, and 2.1 g of sodium bicarbonate 
in 4 ml of water was added. The mass was placed in a stainless 
steel autoclave and warmed for 3 h r . at 100°C under pressure of 
55 atmospheres. After cooling, the fat w a s worked up with 
ether: H V 6 3 , A V 3 8 , % Br 7.8 (residual), % conj.diene 26.2, 
% conj.triene 14.5, % conj.tetraene 5 . 4 . The replacement is 
poor, and the AV developed high. 
(f) Replacement of bromine with hydroxyl using silver nitrate 
at various time intervals; To follow the course of the reac-
tion on replacement of bromine with silver nitrate, lifee samples 
were drawn at regular Intervals and analysed. To brominated 
safflower oil (10 g, ^ Br 20.5) a mixtiire of 25 m l of ethyl 
ether, 200 m l of 92 % ethanol and 12 g of silver nitrate was 
added. Stirring was continued for 5 hr at room temperature. 
Samples were drawn at regular Intervals and analysed to follow 
the course of replacement of bromine. The results are given 
in Table 5 . 2 . 
It is clear that a reaction time of beyond about 5 h r . has 
little effect on the further replacement of bromine with 
hydroxyl groups. Side reactions like ether formation appear to 
occur right from the very start of the replacement reaction. 
All the results of the replacement trials showing the condi-
tions are given in Table 5 . 1 . These w i l l be discussed at the 
end of this section. 
U n s e e d oil with I^S and bromine replacement 
with hvdroxyl 
(a) Bromlnatloni Linseed oil (20 g, IV 185) was dissolved in 300 
m l of carbon tetrachloride in a 3-necked flask equipped with a 
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Stirrer and a condenser and 30 g of MBS added. The complete 
set u p was exposed to a mercury-arc lamp and the contents 
refluxed at 70°C with stirring for one h r . After the reaction, 
the contents of the flask were cooled, the succinimide was 
filtered, and carbon tetrachloride w a s removed under vacuum: 
% Br 2 2 . 2 . 
(b) Replacement of bromine with hydroxyl group 
(i) Replacement with silver nitrate in methanol nitric acid; 
5 g of brominated linseed oil (S Br 22,2) was taken in 100 m l 
of methanol, 3.6 ml nitric acid and 6 g of silver nitrate. 
The mixture was vigorously stirred at 80°C for 45 m i n . Preci-
pitated silver bromide was filtered and the fatty material 
extracted with ether, washed with dil.HCl to remove residual 
silver, and washed free of acid:'^ residual Br 8 . 7 , HV 60.5, 
A V 3 . 9 , % conj.diene 14.8, % conj.triene 3 . 8 . 
(ii) Replacement with silver nitrate in 92 % ethanol; 5 g of 
the brominated linseed oil was taken in 100 ml of 92 % ethanol, 
6 g of silver nitrate added and the mixture stirred vigorously 
for 5 hr at room temperature. The product w a s worked up as 
usual: % residual Br 9.0, HV 62.5, AV 5.2, % con^.diene 13.9, 
% conj.triene 4 . 0 . 
(iii) Replacement with silver oxide In dioxan: 5 g of the 
brominated linseed oil was taken in 76 ml of 50 % aqueous 
dioxan, 6.5 g of silver oxide added and the mass stirred in 
room temperature for 5 h r . The resulting product showed: 
% residual bromine 2.9, HV 74.4, A V 6 . 2 , % conj.diene 1 4 . 6 , 
% conj.triene 4 . 0 . 
Replacement with silver acetate in acetic acid: 5 g of the 
brominated linseed oil was taken in 76 ml of acetic acid and 
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10 m l w a t e r . 7 g of freshly prepared silver acetate was 
added and the mixture stirred at room temperature for 5 hr, 
The product was worked up as usual: % residual Br 11.4, 
H V 67.9, AV 19.9, % conj.diene 13.0, % conj.triene 3 . 2 . 
The results are summarised in Table 5 . 3 . Bromination 
with KBS has proceeded smoothly. Replacement of bromine 
with various silver salts was never complete, probably .ssay 
^ due to non-allylic bromination reactions. 
•t r 
• \) 
5.3 CONCLUSIONS 
1 . Treatment of safflower oil in carbon tetrachloride solu-
tion with N-"bromosuccinimide (NBS) in presence of benzoyl 
peroxide as catalyst gave a product of BV- 17 the same 
conditions with ultraviolet irradiation during the reaction, 
raised this to Br 20.5 % (calc.for methyl linoleate 21.4 % ) , 
2 . Replacement of bromine in this product with hydroxyl 
should yield a HV of 1 8 0 . Use of various silver salts 
(acetate, nitrate, nitrite) in several media (glacial acetic 
a c i d , ethanol, methanol, chloroform) always gave incomplete 
replacement, the products usually showing c a . 5 per cent of 
residual bromine, HV 70-80 and 18 % conj.diene. 
Such residual bromine could be replaced with hydrogen 
by treatment with zinc amalgam in acetic acid without affecting 
other characteristics. 
3 . Replacement of bromine w i t h sodium bicarbonate under 
pressure gave a product of HV 61 and residual Br .8 with 
a high acid value of 3 8 . Percent conjugation in this product 
was high: diene 2 6 , triene 14.5, tetraene 5 . 4 . 
4 . Use of silver oxide in 50 percent aqueous dioxan resulted 
in total replacement of bromine, but the HV developed was 
lower than expected (ca.lOO). 
5 . Time studies showed that side reactions like ether forma-
tion caused by condensation of hydroxyls appear to occur right 
from the very start of the replacement reaction. 
6 . Bromination of linseed oil with NBS gave a product with 
Br 22.2 % , Replacement of bromine with hydroxyl using silver 
salts (silver nitrate, silver oxide, silver acetate) in various 
media (methanol,nitric acid, ethanol, dioxan, acetic acid) 
gave products of HV 65-70 % residual bromine c a « 9 . 
% conj.diene 14, % conj.triene 4 , 
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CHAPTER 6 
OTHER EXPLORATCEY STUDIES 
6.1 Hydrohalide route 
6.2 Halohydrin route 
6.3 Selenium dioxide oxidation route 
6.4 Conclusions 
l e o 
6 . 1 HYDROHALIDE ROUTE 
Treatment of unsaturated vegetable oils with hydrogen 
bromide gives halogen derivatives; the halogen could then 
be replaced w i t h hydroxyl u s i n g , e . g . silver salts. 
Oleic acid adds hydrogen bromide under a variety of 
conditions to yield an equimolar mixture of the 9- and 10-
bromo acids^. Harwood^ has reviewed this addition reaction 
among others. 
Addition of hydrogen bromide to A -undecenoic acid, 
CH2=CH(CH2)8^00H,which carries a terminal double bond, can 
occur non-specifically to produce either 10-or ll-bromo-
3 4 
undecanoic acid . Ashton and Smith observed that in any 
solvent, and in the absence of air, addition of hydrogen 
bromide to undecenoic acid produced primarily 10-bromoundeca-
noic acid in accordance w i t h the Markownikoff rule of halogen 
addition. In the presence of air the reaction product was 
found to vary with the solvent, some solvents enhancing 
and some hindering the so-called peroxide effect or anti-
Mark ownikoff addition. 
Replacement of halogen (bromine) with hydroxyl group 
has already been discussed in Chapter 6 . 
In the present work, the addition of HBr to simple esters 
like methyl oleate and linoleate w a s first studied, followed 
by its addition to safflower oil. Replacement of bromine with 
a hydroxyl group using several silver salts in various media 
w a s then examined. 
1 , Bromlnation with hydrogen bromide 
(a) Bromlnation of methyl oleate^s Methyl oleate (5 g, IV 86) 
was dissolved in 200 m l of benzene and the flask containing 
the solution was irradiated with a mercury arc l a m p . Hydrogen 
bromide gas (prepared by adding bromine to tetralin) was 
bubbled through the solution for 2 h r . keeping the temperature 
bet¥een-25-30°C by external cooling. At the end of the 
reaction the solution was washed with water until the 
w a s h i n g were neutral, dried over anhydrous sodium sulphate 
and benzene distilled i n v a c u o . The product had: $ Br 2 0 . 1 , 
IV 11.6. 
(b) Bromination of methyl linoleate; Methyl linoleate (6 g, 
IV 167) was dissolved in 200 ml of benzene and flask irradiated 
with a mercury arc lamp. HBr gas was bubbled through the 
solution for 2 h r . at 26-30°C. The product was worked up 
as explained above: % Br 18.2, IV 2 4 . 3 . 
(c) Bromination of safflower oils Safflower oil (6 g, IV 126$ 
was dissolved in 200 ml of benzene and the flask irradiated 
with a mercury arc lamp while bubbling HBr gas for 2 h r . at 
25-30°C, The product was worked up as usual: % Br 17.5, 
IV 3 5 . 0 . 
2 . Replacement of bromine with hydroxyl group 
Replacement of a halide, especially iodine or bromine, 
with a hydroxyl group has been frequently achieved using silver 
salts, and examined in Chapter 5.2 for mainly allylic bromine. 
In this instance, silver acetate, silver nitrate and silver 
oxide were employed. 
(a) Treatment of bromlnated methyl oleate and linoleate 
with silver acetate^s One mole of bromo-compound in 6 parts 
of acetic acid and 1.2 mole of silver acetate were stirred 
in the cold for 2 h r . Precipitated silver bromide was 
filtered off, and the filtrate reduced in « o l m e to one-
fourth under water vacuum and diluted with a large voliuiie 
of w a t e r . The fatty material was extracted with large 
volumes of petrolBms ether, I'he results are given helow: 
Material used % Br After silver acetate treatment 
^ R e s i d u a l T f V A V 
B8 
Brominated methyl 
oleate 20.1 8,6 54 • 10.8 
Brominated methyl 
linoleate 18.2 9.2 48 12.4 
Replacement of bromine by hyd^^oxyl is incomplete. 
(b) Replacement of bromine with sliver nitrate^: To 5 g of 
brominated safflower oil B^. 17.5) added 20 m l of ether 
to make a homogeneous solution, then 75 m l of methanol and 
4.8 g of silver nitrate. Two ml of nitric acid was added 
and the solution was stirred for 5 hr at room temperature 
and 30 m i n . at 60°C. The precipitated silver bromide was 
filtered off, the fat extracted with ether, washed with 5 % 
H C l and then freed of acid and dried: HY 4 5 , A V 14.2, % resi-
dual Br 4 . 8 . 
(c) Replacement of bromine with silver oxide: 2 g of bromi-
nated safflower oil {% Br 17.5, IV 35.0) was taken in 2 0 m l 
of ether and to this was added 2.1 g of silver oxide and 
75 m l of 50 % dioxan. Stirring w a s continued for 5 h r , at 
room temperature. The product w a s worked up as explained 
above: HV 4 0 , kY 7.8, % residual Br 2 . 5 . 
As in the NBS route, the replacement of bromine w i t h 
hydroxyl group was incomplete when silver nitrate and silver 
acdtate were employed. In case of silver oxide the replace-
ment is better but the hydroxyl value obtained by replacing 
bromine is very low, probably as a result of ether forma-
tion. 
Work on this route was not carried beyond this stage. 
6.2 HALOHYDRIK ROUTE 
Addition of hypohalous acids to an ethenoid linkage 
proceeds smoothly"^ s 
HOX ^ 
-CH = CH- > -CH - CH -
) I 
X OH 
The addition of hypobromous acid to 10-undecenoic acid is 
reported to yield exclusively 11-brorao-lO-hydroxyundecenoic 
a c i d ^ . Studies on the addition of hypohalous acids to the 
centrally-unsaturated oleic and elaidic acids have been 
reported in connection with work on the chemistry of 
7 9—11 
9,10-epoxy and 9,10-dihydroxyoctadecanoic acid ' 
Assuming trans addition to the ethenoiS acids, each will 
lead to a mixture of halohydroxyoctadecanoic acids which 
consists of two pairs of enantiomorphs which are positional 
isomers. 
The addition of hypochlorous acid to 12--hydroxy-trans-9-
octadecenoic acid has been reported, but the hydroxy chloro-12 
hydrins were not purified or characterised . Addition of 
hypochlorous acid has been proposed as a method for the 
estimation of unsaturation^^ 
After addition of the hypohalous acids to an ethenoid 
linkage, replacement of the halide with hydrogen would give 
the desired hydroxy products: 
-CH(X)-CH(OH)- -CH2.CH(0H)-+HX 
Such replacement is possible using various reagents such as 
zinc and hydrochloi'ic acid^^, zinc-acetic acid^^ and zinc 
17 
amalgam in acetic acid. 
I«5 
In this section, addition of hypohalous acids to 
methyl oleate, linoleate and safflower oil, followed by-
replacement of halogen with hydrogen, was briefly examined. 
1 . Addition of hypohalous acid; 
7 
(a) Preparation of hypobromous acid : This acid (HBA) was 
prepared by adding 10 ml of bromine to a suspension of 30 g 
of freshly-precipitated mercuric oxide in 50 m l of water, 
followed by filtration (strength 1,08 M ) . ' 18 
(b) Preparation of hypochlorous acid 
i) Chlorine oxide in carbon tetrachloride solution: A dry 
one-litre three-necked flask was equipped with a sealed stirrer, 
an inlet tube extending nearly to the bottom of the flask, and 
an exit tube leading to a hood. Dry CCI4 (400 m l ) was placed 
in the flask cooled in an ice b a t h . The stirrer was started, 
and chlorine passed into the liquid. From time to time a 
one-ml sample of the resulting solution was titrated iodo-
metrically to determine its chlorine content. After the con-
centration had reached 50 g of chlorine per litre, the flow of 
chlorine vras stopped. The flask was warmed to 2 6 d r y yellow 
mercury oxide (3,36 g per gram of chlorine) was added and 
stirring was continued for 46 m i n . The solution was left to 
settle and then filtered in a sintered funnel: % CI2O 7 3 , 8 . 
ii) Preparation of hypochlorous acid or EGA: Both the CCI4 
solution of chlorine oxide and the water were cooled nearly 
to 0^0y and mixed together in a separating funnel of suitable 
size by shaking vigorously for 5 m i n . The CCI4 phase was 
withdrawn. The aqueous solution of HOCl (1,84 M ) w a s essen-
tially free of chlorine. 
(c) Addition of HBA to methyl oleatei 5 g of methyl oleate 
(IV 86) was taken in 60 m l of ether and 26 m l of HBA (1.08 M ) 
was added drop by drop at 0®C for one h r . and stirring continued 
for 2 h r . Working w p with ether gave a product: IV 10.5, 
HV 82.9, A V 2 . 9 , % Br 17.3. 
(d) Replacement of bromine with hydrogen by refluxing with 
zinc amalgam^'^: 
i) Preparation of zinc amalgam: A mixture of 200 g of 
zinc w o o l , 15 g of mercuric chloride, 10 m l of concentrated 
hydrochloric acid and 250 ml of water was stirred for 5 min-
The aqueous solution was decanted, and the amalgamated zinc 
covered with 160 m l of water and 200 m l of conc.HCl. Just 
prior to u s e , it is washed free of acid with water, and then 
with glacial acetic acid. 
ii) To 3 g of the halohydrin of methyl oleate taken in 
40 ml of glacial acetic acid was added 6 g of zinc amalgam 
followed by refluxing for 6 h r . Extraction with ether gave 
a product: IV 9.1, H V 78.4, A V 7.8, % Br Nil. 
(e) Addition of hypochlorous acid or HCA 
i) 6 g of methyl oleate (IV 86.0) taken in 50 m l of ether 
and 60 ml of HCA (1.08 M ) was added drop by drop at 0°C for 
one h r . and stirring continued for 2 h r . The isolated product 
had: IV 9.2, HV 80.2, AV 2 . 9 , % C I 9 . 0 . 
ii) 10 g of safflovrer oil (IV 135) taken in 150 ml of ether 
and 110 ml of HCA (1.08 M ) was added drop by drop at 0°C for 
one h r . with stirring which was continued for 2 h r . The product 
was worked up as usuals IV 58.5, HV 76.0, A V 2 . 5 , % CI 10.8. 
(f) Replacement of chlorine with hydrogen using zinc amal?:am: 
4 g of halohydrin, 7 g of zinc amalgam and 75 m l of glacial 
1 ^ 7 
acetic acid were refluxed for 6 h r . The product was extracted 
w i t h ether, washed free of acid and isolated. The results 
are shown in the table which follows: 
Material used % CI HV A V A f t e r Zn-amalgam treatment 
% Residual H V T T 
CI 
Halohydrin 
of methyl 
oleate '9.0 80.2 2,9 Nil 75.8 9.2 
Halohydrin 
of safflower 
oil 10.8 76.0 2.5 Nil 73.5 10.5 
Replacement of halogen with hydrogen proceeds smoothly, 
w i t h little effect on other characteristics. But the first 
step of addition of HOBr and HOCl to the double bond is n o t 
satisfactory. A loss of one u n i t of IV should theoretically 
lead to an increase of about 2 H V u n i t s , b u t in practice 
only half this figure is attained. 
The w o r k w a s not pursued f u r t h e r . 
t ^ s 
6.3 SELENIUM DIOXIDE OXIDATION KOUTE 
In this route, the preparation of mainly monohydroxy-
lated -ansaturated glycerides from safflovrer and linseed oils 
using selenium dioxide as an oxidising agent was examined. 
It may be possible to do this without loss of the original 
unsaturation, as selenium dioxide oxidation is believed to 
take place at the methylene group adjacent to the double 
b o n d . Depending upon the various experimental conditions 
and the particular solvents used, some side products also 
result 
20 
Riley et used the selenium dioxide oxidation 
technique for the preparation of glyoxal and substituted 
glyoxals, and also studied the nature of the attack of 
selenium dioxide on methyl ethyl ketone and various aromatic 
21 
ketones. Alder and Stein examined the effect of the various 
solvents used and the products formed in selenium dioxide 
oxidation of cyclic hydrocarbons, without detailed characterisa-22 
tion. Oxidation of cottonseed, soyabean and linseed oils 
was carried out using selenium dioxide to get products which 
were further sulphated to yield industrially-useful surfactants. 
There are divergent results reported in literature 
regarding the oxidation of methyl oleate using selenium dioxide. 
23 
One group of Japanese workers noted the formation of methyl 
stearate, methyl trans-2-octadecenoate and methyl 8-oxooleate 
on refluxing methyl oleate with selenium dioxide in alcohol. 
19 
Recently a group of French workers made a detailed study of 
the oxidation of methyl oleate with selenium dioxide and showed 
UIB 
the formation of monohydroxy m e t h y l oleate as the major 
product, accompanied by minor quantities of saturated and 
unsaturated dihydroxy a c i d s , saturated monohydroxy acid, 
unsaturated k e t o acid and stearic a c i d . 
In the present w o r k , oxidations were first carried out 
on m e t h y l palmitate to see the extent of oxidation of the 
cC-methylene g r o u p , and then on m e t h y l oleate, m e t h y l lino-
leate and safflower. and linseed oils to determine the extent 
of hydroxylation possible using selenium d i o x i d e . This part 
of the w o r k w a s carried out in collaboration w i t h D r . R . S u b b a r a o . 
1 . Preparative w o r k 
(a) Preparation of m e t h y l llnoleate; Two urea adducts of 
safflower oil fatty acids, a s described in Chapter 
followed by esterification, furnished m e t h y l linoleate, 
IV 167.0 (Calc.172.7). GLC showed only m e t h y l oleate as a 
c o n t a m i n a n t . 
(b) Preparation of methyl~12-ketostearate; This was prepared 
as an IR reference compound. A solution of chromium trioxide 
(15 g) in a mixture of water (11 m l ) and glacial acetic acid 
(220 m l ) w a s added to a solution of m e t h y l 12-hydroxystearate 
(52 g) dissolved in glacial acetic acid (110 m l ) over 2 h r . 
under vigorous stirring at 3 0 - 3 5 ^ C . The temperature was 
maintained at 35-40°C for another 9 0 m i n . The contents were 
diluted w i t h w a t e r , the precipitate filtered and heated i n 
6N HCl on a water b a t h , the crude m a t e r i a l being crystallised 
from light petroleum to give shining c r y s t a l s , m.p.46-47®C. 
Silica gel TLC of the recrystallised m a t e r i a l using e t h e r : 
pet:ether 20s80 (v/v) as developing solvent showed no trace of 
the starting hydroxy ester. IR spectrum show keto carbonyl 
« 
a t 1705 
5 70 
2 . QviHatlon using selenium dioxide 
(a) Oxidation of methyl palmltate; Methyl palmitate (7.5 g) 
was oxidised with selenium dioxide (1.55 g; 0.5 mole) in 
carbon tetrachloride at 70®C for 4 h r . under stirring. The 
contents were diluted with water, extracted with ether and 
the ethereal layer washed with 10 % aqueous hydrochloric acid 
followed by water washings. The final product had: HV N i l . 
IR in carbon tetrachloride showed no formation of ketonic 
carbonyl (1705 om-1). 
(b) Oxidation of methyl oleate 
i) Preliminary oxidation experiments were carried out on 
a concentrate of methyl oleate using 0.3 mole of the oxidant, 
in solvents such as carbon tetrachloride, dimethyl formamide 
and aqueous dioxan. The final products had HVs 50-60,with 
TVs (Wijs) reduced by about 10 units over the starting m a t e r i a l . 
Of various solvents tried, carbon tetrachloride provided 
materials of better colour and quality. 
ii) Oxidation of methyl oleate using 0.5 mole of s e l e n i m 
dioxide in carbon tetrachloride: Methyl oleate (IV 87.0, 20.9 g) 
was dissolved in carbon tetrachloride (100 m l ) and oxidised 
with selenium dioxide (0.5 m o l e , 3 . 9 g) at 70°C for 4 h r . 
The solvent was recovered, the material extracted with ether 
and the ethereal layer washed with 10 % HCl followed by 
several water washings. The isolated product (5 g) was 
refluxed with 1 % aqueous hydrochloric acid for 2 h r . The 
final product had AV 1.4, lY (Wijs) 67.0, and HV 105.0. 
IR (carbon tetrachloride) did not Indicate ketonic carbonyl. 
^71 
(c) Oxidation of methyl linoleate using 0,5 mole of selenium 
dioxide in carbon tetrachloride; 
i) Methyl linoleate CiV 167, 12.6 g) was oxidised with 
selenium dioxide (0.5 mole) in carbon tetrachloride at 70°C for 
4 h r . under vigorous stirring. The solvent was recovered, 
the material extracted with ether, washed with 10 % hydro-
chloric acid followed by several water washings and isolated: 
A V 1 . 2 , HV 116, IV (Wi^s) 9 5 . 0 , IV (total) 139.0, diene 
conjugation (as hydroxydienoate) 32 triene conjugation 
(as trienoate) 4»5 %* 
IR (in chloroform) showed the presence of trans unsatu-
ration. 
ii) When 1.0 mole of selenium dioxide per mole ester was 
used for oxidation, the final product showed: HV 166.0, 
IV (Wijs) 82.0, % cono.diene 3 6 , % conj.triene 4 . These results 
on esters are promising. 
(d) Oxidation of safflower oil 
i) Oxidation of safflower oil using 0.5 mole of the 
oxidant in dimethyl formamida; Safflower oil (IV 121, 22 g) 
was oxidised in dimethyl formamide (160 m l ) using 0.6 mole 
of seleniim dioxide (4.2 g) for 4 h r . at 70°C. The contents 
were diluted with water, extracted with ether and washed 
with water several times followed by 10 % aqueous hydrochloric 
acid. The final product had: H V 96, IV 82 (Wijs), ^ c o n j . 
diene 18, % conj.triene 4 . 
ii) Oxidation of safflower oil using 0.75 mole of the 
oxidant in carbon tetrachloride: Safflower oil (IV 121, 
16.4 g) dissolved in carbon tetrachloride (200 m l ) was 
oxidised with 0.75 mole (4.6 g) of the oxidant for 4 h r . at 
^72 
70°C. The solvent was recovered and the material taken in 
ether. The ethereal layer w a s washed with 1 % aqueous potas-
sium hydroxide several times followed by several washings 
with 10 % nitric acid till there was no precipitation of 
selenium. The'final product had: HV 134, IV (Wijs) 7 1 , 
% conj.diene 18, % conj.triene 2 , 
iii) Oxidation of safflower oil using 1.0 mole of the 
oxidant in carbon tetrachloride; Safflower oil (IV 121, 
18.5 g) oxidised using 1.0 mole of the oxidant (7 g) in 
carbon tetrachloride (100 m l ) gave a viscous material of 
HV 168, IV (Wijs) 61, % conj.diene 19, % conj.triene 3 . 
iv) Oxidation of safflower oil using 0.7 mole of the 
oxidant in 95 % aqueous dioxan-:^? Saf flower oil (IV 125, 
23 g) dissolved in 96 % aqueous dioxanf. (200 m l ) was oxidised 
with 0.75 mole of the oxidant (6.55 g) for 4 h r . at 80°C. 
The solvent was recovered and the material taken in ether. 
The ethereal layer was washed with 1 % potassium hydroxide 
solution several times followed by dilute acid washings. The 
final material had HV 135, IV (Wijs) 6 4 , % conj.diene 2 1 , 
% conj.triene 2 . 
(e) Oxidation of linseed oils Linseed oil was oxidised using 
different molar proportions of selenium dioxide in solvents 
such as dimethyl formamide and carbon tetrachloride. 
i) Oxidation of linseed oil using 0.5 mole of SePQ In 
dimethyl formamldd; Linseed oil (IV 177, 10.4 g) was dissolved 
in dimethyl formamide (100 m l ) and oxidised with 0.5 mole of 
the oxidant (2 g) for 4 hr at 70°C. The contents were diluted 
with water and extracted w i t h ether. The ethereal layer was 
washed with 10 ^ hydrochloric acid several times. The final 
^ CJ o 
o 
% % 
a> -p 
•r-3 C 
•feli. fl <D 
O -H 
lO 
f I I I 
CV3 CO CVJ CV3 
CO 
lO 
lO 
CVJ "CM 
03 
03 to 
03 to s^i 
* S •f-s « 
O -H 
O ti 
03 
CO 
00 
H 
00 0> IS H 
H H H CM 
CO 
Oi 
00 
H H 
<D CO 
03 
P 
CQ 
M 
> 
> .H 
Mis: rH 
-d 
w 
•H 'd 
•H 
o 
'g 
fH «N 
Pi O 
lO Q 
t-(D 
O 
CO 
rH 
H 
H 0) 
4:> <D 
® iH 
S O 
H 
H 
^ 0> 
0) 
-P 
cd 
H 0) 
!>>iH 
^ o 
•p d 
® ^ 
SrH 
^ 00 
CO (O 
iH H 
00 lO 
U:) W W H rH W 
O) 00 00 CO to 
i 
r-j 
<h h 
01 -H m O 
o 
H 
VO H 
xi <D 
0) 
m 
C H 
•H -H 
iH O 
CO 00 
<0 0 0 
H H 
t>- Cd ts 
CO O C3) 
H H 
E>4 
§ 
+5 
O as 
<l> 
a> 
s 
•H 
•P 
Ch 
XJ 
= = e 03 ^ 03 
0 
M 
1 
co 
g <33 
P <U H 
•HTJ O 
cJ«H a 
H 8 C! 
<U -H vH 
CQ T S ^ 
lO 
o 
• • 
H O o iH H 
lO o o r-• • • 
o 
10 
o 
0) m 
•P 
CJ 
<i> 
> 
rS 
O 
CQ 
o 
o 
CO 
§ 
(U 
& 
as rt 
cd 
M o 
CJJ Tt 
= 
o 
o Q 
r-l 
O 
o 
CO 
§ 
0) 
Oj 
o 
•H 
•d 
rt 
O i 
o 
M ^ tH 
C"-
00 co = 
lO 
a e = 
H 
cd 
•H 
> -P Crt nj 
« s 
H (D 
S-P 
^ Cd 
+3 03 
00 fH 
S o 
<D 
cd 
H 0) 
XJ O 
+i d 
Q> -H 
S <H 
i 
.-I 
<MH 
cd^ H 
CQ O 
tJ 
0 
OJ 
05 
diH e e 
•H ^ 
t-q O 
product had: HV 110, IV (Wijs) 115, % conj.diene 13, ^ c o n j . 
triene 5 , % conj.tetraene 3 , 
ii) Oxidation of linseed oil using 0*5 mole and 1.0 mole 
of selenium dloxidd in carbon tetrachloride; Linseed oil w a s 
oxidised with selenium dioxide in carbon tetrachloride and 
the products were worked up using the same procedure as in the 
oxidation of safflower oil. The final products obtained using 
0.5 mole and 1.0 mole of the oxidant had HV 63, IV (Wijs) 136.6, 
^ ^ o n j . d i e n e 9.7, % con^.tciene 2.2, % conj .tetraene 2.0 and 
HV 105, IV (Wijs) 102, % con^.diene 1 8 , i con^.triene 5 , 
% conj.tetraene 2.5 respectively. 
IR spectra of all the materials recorded in carbon tetra-
chloride showed the. presence of trans unsaturation (976 cm~^) 
and ester carbonyl (1730 cm-1), and the absence of ketonic 
carbonyl (1703 om"!). The results are summarised in Table 6 . 1 . 
3 . Conclusions 
The results given in the table show that, direct sienium 
dioxide oxidation of unsaturated fatty materials results in 
considerable formation of hydroxy groups and conjugated unsatu-
rated systems. Safflower and linseed oils under the best 
conditions gave products of HV 168 and 106 respectively with 
about 22-25 $ of mainly diene conjugation. The route appears 
very promising. The products formed in oxidation with selenium 
dioxide are being characterised by Dr.R.Subbarao. 
6 . 4 CONCLUSIONS 
l a . Ifydrobromination of methyl oleate, linoleate and. 
/ 
safflovrer oils with hydrogen bromide gas in benzene under 
mercury arc illumination proceeded smoothly. 
(b) Replacement of bromine with hydroxyl groups using silver 
salts like silver nitrate and silver acetate in solvents 
such as methanol-nitric acid and acetic acid was never complete, 
(c) Replacement of bromine with silver oxide w a s satisfac-
tory, but the HV of obtained shov/ed that derived 
products are formed. 
2 . Addition of hypochlorous or hypobromous acids to an 
ethenoid linkage, followed by replacement of halogen with 
hydrogen using zinc amalgam, gave products containing no 
halogen, but of low H V . 
3(a) Selenium dioxide oxidation of fat in CCI4 mediian was 
preferred to DMF or aqueous dioxan for product colour and 
quality, 
(b) Oxidation of methyl palmitate yielded no ketonic carbonyl 
(IR) or H V , showing that oxidation reaction in saturated 
esters is negligible, 
(c) Oxidation of methyl oleate w i t h 0,5 mole of selenium 
dioxide gave a product of HV 105, A V 1 . 5 , 
(d) Oxidation of methyl linoleate with 0.5 mole of selenium 
dioxide gave a product of HV 116, A V 1 . 2 , diene conjugation 
32 conj.triene 4.5 i . With 1.0 mole of oxidant the HV 
was 166 and diene conjugation 36 
(e) Oxidation of safflower oil using one mole of oxidant gave 
a product of HV 168, % conj,diene and triene 19 and 3 , and of 
linseed oil a product of HV 105, % conj.diene and triene 18 and 
5 respectively. Viork on this route is continuing. 
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S U M M A R I 
SUMMARY OF THESIS ENTITLED 
MONOHYDROXYLilTIOW OF GLYGERIDES 
Submitted in April 1968 by 
G-.Venkateswara R a o , M.Sc.(Alig.,) 
for the P h . D . degree of Aligarh Muslim University. 
Fats which' contain oxygenated fatty acids carrying 
a hydroxy group in the chain undergo a number of industrially-
useful reactions. Such end-products could be obtained if 
natural oils containing high degrees of unsaturation, such 
as safflower oil (70 per cent linoleic acid) and linseed oil 
(55 per cent linolenic acid), were to be used as starting 
materials for introduction of single hydroxyl groups at or 
near double b o n d s . The products obtained would possess 
both hydroxy and double bond functionality. This thesis 
describes how several routes to these products were examined. 
Sulphation-hydrolysis route 
The reaction of sulphuric acid w i t h a double bond can 
yield a sulphate, which on hydrolysis gives a hydroxy group. 
This reaction was examined for the present purpose. 
A method was first worked out for estimation of the 
acidic carboxyl, sulphate and sulphonate groups arising during 
sulphation of vegetable oils. After titration of the total 
acidity in an e.ther-ethanol medium w i t h alcoholic potash to 
phenolphthalein, back titration with alkali to thymol blue 
end-point gave a measure of only carboxyl. Another sample is 
hydrolysed to convert sulphate to neutral hydroxy groups!} 
titration with alkali to phenolphthalela end-point measures the 
II 
acidity due to carboxyl and sulphonate only, and all three 
acidities can be calculated. 
Oleic acid sulphated easily to high yields of hydroxy-
stearic a c i d . Likewiseoptimum sulphation of groundnut, kusum 
and mustard oils or their mixed acids gave .products of hydroxyl 
value about £^.50, in which 75-80 per cent of the monoenoic 
acids were sulphated. Crystallisation from hexane gave 30-40 
per cent yields of hydroxy acids of hydroxyl value 100-150 and 
m.p.76-79°C. 
t 
Sulphation of safflower oil with graded strengths of 
sulphuric acid indicated that the best sulphations, though 
/ 
only to a low degree, occurred with 78 per cent (w/w) of 
sulphuric acid at 0 ° or 25°C, or with 79 per cent sulphuric 
acid (w/w) only at 0°C. The resulting products after hydro-
lysis had carboxyl acid values of 8-9,_ hydroxyl values of 
about 35 and residual iodine values of about 1 1 3 . Such 
hydroxylation was probably directed mainly at the monoenoic 
component. Attempts to increase the degree of hydroxylation 
led to extensive side reactions, and it w a s concluded that 
the sulphate route to monohydroxylation of oils containing I 
linoleic acid was not feasible. 
The nature of these side reactions was examined. W h e n 
86 per cent sulphuric acid (w/w) was used for sulphation of 
safflower oil, and the sulphates hydrolysed, only about half 
the unsaturation lost was accountable as hydroxyl. The result-
ing product contained 3.2 per cent of sulphur, and removal of 
the latter by boiling with strong alkali yielded a fatty 
conjugated d i e n e . The IR spectrum of the product suggested 
the presence of a sultone. This could arise by formation from 
u» 
linoleate of conjugated diene, which could then undergo 
1,4-addition of -OH and -OSO3H, followed by loss of water 
from these moieties to give a sultone. A trans-diene 
ester was found on sulphation to yield a sulphonate and 
« 
not a sultone, while a traas,trajis-conjugated diene ester 
on similar sulphation did give a sultone. The hypothesis 
seemed likely, and the form of the conjugated diene giving 
rise to the sultone was probably cls,cl^, which, like the 
transTtrans form, is sterically well-disposed. 
Linseed oil, in which linolenic acid forms 55 per cent, 
was surprisingly well sulphated with few side reactions, 
using 80 per cent sulphuric acid at 0-6°C, to a product of 
hydroxyl value 77 and iodine value 1 3 9 . 
Epoxidation-hydrogenation route 
Partial epoxidation of the unsaturated centres in 
vegetable oils using preformed peracids can be achieved to 
any desired degree. Various ways were next tried to convert 
the epoxy into a monohydroxy group by hydrogenation, leaving 
the residual unsaturation unaltered. Chemical ring-opening 
using potassium iodide did not proceed, and use of stannous 
chloride led to formation of chlorohydrins. Hydrogenation of 
partly-epoxidised materials over Lindlar catalyst, over 
palladium-on-carbon in the presence of pyridine, over zirconium-
stabilised nickel, over insufficient amounts of catalyst or 
at a low temperature, were all not successful in effecting 
selective epoxy ring-opening. 
The presence of complexing agents during hydrogenation 
over palladii:ffii-on-carbon catalyst<? was next tried. Palladium 
chloride was ineffective as a double bond-complexing a g e n t . 
Use of cuprous chloride led to the appearance of chlorine in 
IV 
the product. W h e n zinc chloride w a s present, unsaturation 
was retained but hydrogenation of the epoxy ring was also 
completely prevented. 
The objective of hydrogenation of partly-epoxidised 
esters and glycerides to the corresponding monohydroxy unsatu-
rated products was attained by hydrogenation at 30 psi in 
ethanol or methanol medium over palladium-on-carbon as 
catalyst for 15 h r . at room temperature in the presence of 
either silver nitrate or cupric nitrate. By this means 
therefore, safflower and linseed (or other unsaturated oils) 
can be epoxidised to any desired degree, and then subjected 
to protective hydrogenation so as to yield products with 
about 2 units of hydroxyl value for every unit of iodine 
value lost. 
Autoxldation-reduction route 
By simple air-blowing under visible or ultraviolet irra-
diation, hydroperoxide groups can be introduced into unsatu-
rated glycerides. Ideally this autoxidation proceeds without 
any loss of unsaturation, and w i t h shift of a cis double bond 
to trans. Reduction of these hydroperoxides to hydroxy groups 
could then give the desired glycerides, practically unchanged 
in total unsaturation, but carrying extra hydroxy groups. 
Autoxidation of safflower oil under ultraviolet radiation 
to a peroxide value of 2200, followed by facile reduction of 
hydroperoxide to hydroxy groups w i t h stannous chloride, yielded 
a product of hydroxyl value 8 0 , total iodine value 122 and 
coni,diene 20 % with low free acidity. Autoxidation at 0-5^0 
gave a higher degree of conjugation than at room temperature. 
Attempts to concentrate the hydroxy glycerides by partitioning 
the total product between 80 per cent methanol and light petro-
leum gave a very little alcohol-solubles, suggesting that the 
single hydroxy groups introduced were widely distributed. 
Various attempts were made without success to increase 
the degree of initial peroxidation. Blocking the hydroxy 
group with dihydropyran in a product of hydroxyl value 70, 
followed by further autoxidation, yielded a material of even 
lower hydroxyl value than started w i t h . Autoxidation of 
safflower oil in presence of silver nitrate (as a pi-
complexing agent, with the intention of preventing double-
bond reactions), yielded a product with a maximum peroxide 
value of only 8 0 4 , which on further autoxidation and 
stannous chloride reduction gave a viscous product with a 
hydroxyl value as low as 10. 
Autoxidation of linseed oil did not proceed till the 
oil had first been bleached with an acidic earth. Autoxida-
tion thereafter at low temperatures, follov/ed by reduction 
of hydroperoxide to hydroxyl groups, gave a product with 
hydroxyl value 50, unaltered total iodine value, 15 % 
conjugated diene and 3 % conjugated triene respectively. 
Bromination-hydroxylation route 
It is well known that treatment of an ethenoid linkage 
with N-bromosuccinimide or NBS results in allylic bromination. 
Once the bromination reaction has taken place smoothly, the 
replacement of bromine with hydroxyl has here been attempted 
by treatment with silver salts. 
Treatment of safflower oil in carbon tetrachloride solu-
tion with iJES in presence nf benzoyl peroxide as catalyst 
gave a product of Br 17 ^ . The same conditions, with ultra-
VI 
violet irradiation during the reaction, raised this to Br 
20.5 % (calc.for methyl linoleate, 21,4 % ) , 
Total replacement of bromine in this product with 
hydroxyl should yield a product of hydroxyl value 180, Use 
of various silver salts (acetate, nitrate, nitrite), in 
several media (glacial acetic acid, ethanol, methanol, chloro-
form) always gave incomplete replacement, the product usually 
showing c ^ . 5 per cent of residual bromine, hydroxyl value 
70-80 and 18 % conj.diene. As a last resort, such residual 
bromine could be replaced with hydrogen by treatment with 
zinc amalgam in acetic acid without affecting the other 
characteristics. 
Treatment of bromine with sodium bicarbonate under pres-
sure gave a product of hydroxyl value 61 and residual Br 8 ^ , 
with a high acid value of 3 8 . Percent conjugation in this 
product was high: diene 26, triene 14.5, tetraene 5 . 4 . Use 
of silver oxide in 50 per cent aqueous dioxan resulted in 
total replacement of bromine, but the hydroxyl value developed 
was lower than expected (ca.lOO). Time studies showed that 
side reactions, like ether formation caused by condensation 
of hydroxyls, appear to occur from the very start of the 
replacement reaction. 
Bromination of linseed oil with NBS gave a product with 
Br 22.2 % . Replacement of bromine with hydroxyl using silver 
salts gave a product of hydroxyl value 65-70, % residual 
bromine fo conj .diene 14, % conj. triene 4 . 
Other exploratory routes 
Addition of HBr or HCl to the eth^noid linkage gave a 
hydrohalide or halohydrin; replacement of halogen with hydroxyl 
using silver salts and zinc amalgam was tried to give the 
yu 
desired hydroxy glycerides. Hydrobromlnatlon of methyl 
oleate, linoleate and safflower oils with hydrogen bromide 
gas in benzene under mercury arc illumination proceeded 
smoothly. Replacement of bromine with hydroxyl groups using 
silver salts like silver nitrate and silver acetate in 
solvents such as methanol-nitric acid and acetic acid was 
never complete. Replacement of bromine with silver oxide 
was complete, but the hydroxyl value of only cj,.50 thereby 
obtained showed that derived products are formed. 
Addition of hypochlorous or hypobromous acids to an 
ethenoid linkage, followed by replacement of halogen with 
hydrogen using zinc amalgam, gave products containing no 
halogen, but of lov^ hydroxyl value. 
Selenium dioxide oxidation of fat in carbon tetrachloride 
medium was preferred to DMF or aqueous dioxan for product 
colour and quality. Oxidation of methyl palmitate yielded no 
ketonic carbonyl (IR) or hydroxyl value, showing that the 
oxidation reaction in saturated esters is negligible. Oxida-
tion of methyl oleate and linoleate with selenium dioxide gave 
products of high hydroxyl value. Oxidation of safflower oil 
using one mole of the oxidant gave a product of hydroxyl value 
168, % conj.diene 19 and % conj.triene 3 and of linseed oil 
a product of hydroxyl value 105, % con^ .diene 18 and % con;), 
triene 5 respectively. Work on the nature of the products 
obtained in this route is continuing. 
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Fats which contain oxygenated fatty acids carrying 
a hydroxy group in the chain iindergo a number of industrially 
useful reactions. Such end-products could be obtained if 
natural oils containing high degrees of unsaturation, such 
as safflower oil (70 per cent linoleic acid) and linseed oil 
(55 per cent linolenic acid), were to be used as starting 
materials for introduction of single hydroxyl groups at or 
near double bonds. The products obtained would possess 
both hydroxy and double bond functionality. This thesis 
describes how several routes to these products were examined. 
Sulphation-hydrolysis route 
The reaction of sulphuric acid w i t h a double bond can 
yield a sulphate, which on hydrolysis gives a hydroxy g r o u p . 
This reaction was examined for the present purpose, 
A method was first worked out for estimation of the 
acidic carboxyl, sulphate and sulphonate groups arising during 
sulphation of vegetable oils. After titration of the total 
acidity in an ether-ethanol medium with alcoholic potash to 
phenolphthalein, back titration w i t h alkali to thymol blue 
end-point gave a measure of only carboxyl. Another sample 
is hydrolysed to coxivert sulphate to neutral hydroxy groups^ 
titration with alkali to phenolphthalein end-point measures 
the acidity due to carboxyl and sulphonate only, and all 
three acidities can be calculated. 
Oleic acid sulpliated easily to high yields of hydroxy-
stearic acid, likewise optimum sulphation of groundnut, kusum 
and mustard oils or their mixed acids gave'products of hydroxyl 
value about ca. 5 0 , in which 75-80 per cent of the monoenoic 
acids were sulphated. Crystallisation from hexane ga^e 30-40 
per cent yields of hydroxy acids of hydroxyl value 100-150 and 
m . p . 76-79° C . 
Sulphation of safflower oil with graded strengths of 
sulphuric acid indicated that the best sulphations, though 
only to a low degree, occurred with 78 per cent (w/w) of 
sulphuric acid of 0° or 25° C or with 79 per cent sulphuric 
acid (w/w) only at 0° 0. The resulting products after hydro-
lysis had carboxyl acid values of 8 - 9 , hydroxyl values of 
about 35 and residual iodine values of about 113. Such 
hydroxylation was probably directed m a i n l y at the monoenoic 
component. Attempts to increase the degree of hydroxylation 
led to extensive side reactions, and it was concluded that 
the sulphate route to monohydroxylation of oils containing 
linoleic acid was not feasible. 
The nature of these side reactions was examined. When 
86 per cent sulphuric acid (w/w) was used for sulphation of 
safflower oil, a n d the sulphates hydrolysed, only about half 
the unsaturation lost was accountable as hydroxyl. The 
resulting product contained 3.2 per cent of sulphur and removal 
of the latter by boiling wiUh strong alkali yielded a fatty 
conjugated diene. The IR spectrum of the product suggested 
the presence of a sultone. This could arise by formation from 
II" 
linoleate of conjugated diene, which could then undergo 
1,4-addition of -OH and - O S O 3 H , followed by loss of water 
from these moieties to give a sultone. A cis, trans-diene 
ester was found on sulphation to yield a sulphonate and not 
a sultone, whiJta a trans, trans-con.jugated diene ester on 
similar sulphation did give a sultone. . The hypothesis 
seemed likely, and the form of the conjugated diene giving 
rise to the sultone w a s probably cis. cis, w h i c h , like the 
trans, trans form, is sterically v/ell-disposed. 
linseed oil, in w h i c h linolenic acid forms 55 per cent 
was surprisingly well sulphated with few side r e a c t i o n s , using 
80 per cent sulphuric acid at 0-5°C, to a product of hydroxyl 
value 77 and iodine value 139. 
Epoxidation-hydrogenation route 
Partial epoxidation of the unsaturated centres in vege-
table oils using preformed peracids can be achieved to any 
desired degree. Various ways were next tried to convert the 
epoxy into a monohydroxy group by hydrogenation, leaving the 
residual unsaturation unaltered. Chemical ring-opening using 
potassium,iodide did n o t proceed, and use of stannous chloride 
led to formation of chlorohydrins. Hydrogenation of partly-
epoxidised materials over Lindlar catalyst, over palladium-
on-carbon in the presence of pyridine, over zirconium-stabilised 
n i c k e l , over insufficient amounts of catalyst or at a low 
temperature, were all not successful in effecting selective 
epoxy ring-opening. 
The presence of complexing agents during hydrogenation 
over palladium-on-carbon natalysts was n e x t tried, "Palladium 
chloride was ineffective'as a double bond-complexing agent. 
Use of cuprous chloride led to the appearance of chlorine in 
\V 
the product. When zinc chloride was present, unsaturation 
w a s retained but hydrogenation of the epoxy ring was also 
completely prevented. 
The objective of hydrogenation of partly-epoxidised 
esters and glycerides to the corresponding monohydroxy unsatu-
rated products was attained by hydrogenation at 30 psi in 
ethanol or methanol m e d i u m over palladium-on-carbon as catalyst 
for 15 h r . at room temperature in the presence of either silver 
nitrate or cupric nitrate, 3y this means therefore^ safflower 
and linseed (or other unsaturated oils) can be epoxidised to 
any desired degree, and then subjected to protective hydroge-
nation so as to yield products w i t h about 2 units of hydroxyl 
value for every u n i t of iodine value lost. 
Autoxidation-reduction route 
By simple air-blowing \inder visible or ultraviolet irra-
diation, hydroperoxide groups can be introduced into unsaturated 
glycerides. Ideally this autoxidation proceeds without any loss 
of unsaturation, and w i t h shift of a cis double bond to trans. 
Reduction of these hydroperoxides to hydroxy groups could then 
give the desired glycerides, practically unchanged in total 
unsaturation, but carrying extra hydroxy groups. 
Autoxidation of safflower oil ujnder ultraviolet radiation 
to a percixide value of 2200, followed by facile reduction of 
hydroperoxide to hydroxy groups w i t h stannous chloride, yielded 
a product of hydroxyl value 80, total iodine value 122 and 
conj. diene 20?^ with low free a c i d i t y . Autoxidation at 0-5°C 
gave a higher degree of conjugation than at room temperature. 
Attempts to concentrate the hydroxy glycerides by partitioning 
the total product between 80 per cent methanol and light petro-
leum gave a very little alcohol-solubles, suggesting the single 
hydroxy groups introduced were w i d e l y distributed. 
Various attempts were made without success to increase the 
degree of initial peroxidation. Blocking the hydroxy group 
w i t h dihjdcopyran in a product of hydroxyl value 7 0 , followed 
by further autoxidation, yielded a m a t e r i a l of even lower 
hydroxyl value than started w i t h . Autoxidation of safflower 
oil in presence of silver nitrate (as a pi-complexing agent 
w i t h the intention of preventing double-bond r e a c t i o n s ) , yielded 
a product with a maximum peroxide value of only 8 0 4 , w h i c h on 
further autoxidation and stannous chloride reduction gave a 
viscous product with a hydroxyl value as low as 1 0 . 
Autoxidation of linseed oil did not proceed till the oil 
had first been bleached with an acidid earth. Autoxidation 
thereafter at low temperature s, followed by reduction of 
hydroperoxide to hydroxyl groups, gave a product w i t h hydroxyl 
value 50, unaltered total iodine v a l u e , conjugated diene 
and Zio conjugated triene respectively. 
Bromination-hydroxylation route 
It is well known that treatment of an ethenoid linkage 
with W-bromosuccinimide or NBS results in allylic bromination. 
Once the bromination reaction has taken place smoothly, t h e 
replacement of bromine w i t h hydroxyl has here been attempted 
by treatment with silver salts. 
Treatment of safflower oil in carbon tetrachloride solu-
tion with NBS in presence of benzoyl peroxide as catalyst 
gave a product of Br 17 The same conditions, w i t h ultra-
violet irradiation during the r e a c t i o n , raised this to 
V/ 
Br 20.5 io (calc. for methyl linoleate, 21.4 f) , 
Total replacement of bromine in this product with 
hydroxyl should yield a product of hydroxyl value 180. Use 
of various silver salts (acetate, n i t r a t e , n i t r i t e ) , in 
several media (glacial acetic acid, ethanol, m e t h a n o l , chloro-
form) always gave incomplete replacement, the product usually 
showing ca. 5 per cent of residual "bromine, hji^droxyl value 
70-80 and 18 io conj. diene. As a last resort, such residual 
bromine could be replaced v;ith hydrogen by treatment w i t h 
zinc amalgam in acetic acid without affecting the other 
characteristics. 
Treatment of bromine with sodiiim bicarbonate under pres-
sure gave a product of hydroxyl value 61 and residual Br 8 , 
w i t h a high acid value of 3 8 . Per cent conjugation in this 
product was high: diene 26, triene 14.5, tetraene 5.4. Use 
of silver oxide in 50 per cent aqueous dioxan resulted in 
total replacement of bromine, but the hydroxyl value developed 
w a s lower than expected (ca. 100). Time studies showed that 
side reactions, like ether formation caused by condensation 
of hydroxyls, appear to occur from the very start of the 
replacement reaction. 
Bromination of linseed oil w i t h UBS gave a product vdth 
* 
Br 22.2 io. Replacement of bromine with hydroxyl using silver 
salts gave a product of hydroxyl value 65-70, io residual 
bromine ca. 9 , i conj. diene 14, i conj. triene 4 . 
Other exploratory routes 
Addition of HBr or HCl to the ethenoid linkage gave a 
hydrohalide or halohydrin; replacement of h a l o g e n with hydroxyl 
using silver salts and zinc amalgam was tried to give the 
VII 
desired hydroxy glycerides. Hydrobromination of m e t h y l 
o l e a t e , linoleate aaid safflower oils with h y d r o g e n 'broniide 
gas in benzene under mercury arc illumination proceeded 
smoothly. Replacement of bromine with hydroxyl groups using 
silver salts like silver nitrate and silver acetate in 
solvents such as methanol-nitric acid and acetic acid was 
never complete". Replacement of bromine with silver oxide 
w a s complete, but the hydroxyl value of only ca. 50 thereby 
obtained showed that derived products are f o r m e d . 
Addition of hypochlorous or hypobromous acids to an-
ethenoid linkage, followed by replacement of halogen v/ith 
hydrogen using zinc amalgam, gave products containing no 
h a l o g e n , but of low hydroxyl v a l u e . 
Selenium dioxide oxidation of fat in carbon tetrachloride 
medium was prepared to VMS' or aqueous dioxan for product 
colour and quality. Oxidation of methyl palmitate yielded 
no ketonic carbonyl (IR) or hydroxyl v a l u e , showing that the 
oxidation reaction in saturated esters is n e g l i g i b l e . Oxida-
tion of methyl oleate and linoleate with selenium dioxide gave 
products of high hydroxyl value.' Oxidation of safflower oil 
using one mole of the oxidant gave a product of hydroxyl value 
168, io conj. diene 19 and ^ conj. triene 3 and of linseed oil 
a product of hydroxyl value 105, ^ conj. diene 18 and io conj. 
triene 5 respectively. V/ork on the nature of the products 
obtained in this route is continuing. 
